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PREFACE. 



It is the object of this Treatise on Marine Sur- 
veying to supply a desideratum, which has long exist- 
ed; inasmuch as there is not at present any elementary 
treatise which nautical men can consult on this import- 
ant branch of science. During the residence of the 
Author in India, he had often reason to regret the want 
of such a text-book ; and taking advantage of the ex- 
perience he enjoyed under Captain D. Ross, Marine 
Surveyor- General of India, whose splendid survey of 
the China Seas and Straits of Malacca has justly ex- 
cited the highest admiration, he has endeavoured to 
compile a volume, which he ventures to hope will be 
found of practical utility. It is, he apprehends, un- 
necessary for him to dwell on the importance of a 
science, by the aid of which alone clear and correct 
geographical knowledge can be obtained of those dis- 
tant countries with which it is our interest to maintain 
social and commercial intercourse. The loss of life, 
the wreck of property, the disastrous accidents which 
so often occur, from vessels being run upon sand-banks, 
or striking against rocks not accurately delineated on 
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charts, must be familiar to every person. Almost every 
newspaper we take up teems with melancholy details 
of shipwrecks ; for although the coast of Europe may 
have been well surveyed, little is known of the physical 
character of coasts in other parts of the world. It is, 
therefore, evidently desirable that every person engaged 
in sea service, whether he have the charge of a mer- 
chant vessel or man-of-war, should understand and be 
able to apply practically the principles of Marine Sur- 
veying; and in this case the Author feels convinced 
that, being more generally attended to, this science 
would enjoy that progressive advancement which has 
recently signalized the career of every other depart- 
ment of human knowledge. 

The arrangement which the Author has adopted in 
the present Treatise is the following : — He has com- 
menced with an explanation of the principles of Plane 
Trigonometry, because this forms the foundation 
of Marine Surveying, Navigation, and almost every 
branch of Practical Mathematics. He has in this part 
of the work detailed all the most simple methods of 
calculating the sides and angles of triangles ; illustrated 
each rule by appropriate examples, with the necessary 
calculations set down at full length ; and at the end of 
each rule has subjoined examples for practice, with 
their respective answers. 

He has next explained the application of Plane Tri- 
gonometry to the mensuration of heights and distances, 
in which, by introducing a great variety of examples, 
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he has attempted to bring into practice all the rules 
previously laid down ; and has concluded this part with 
a short account of Terrestrial Refraction, and the me- 
thod of correcting an observed angle for the curvature 
of the earth. 

As the accuracy of a survey so much depends upon 
the instruments employed, he has thought it expedient 
to give a description of those best adapted for this 
purpose. These are the Theodolite, Sextant, Reflect- 
ing Circle, Prismatic Compass, and Artificial Horizon; 
a very minute description of which instruments has 
been given, with the methods of adjusting and using 
them. For this part of the subject the Author is much 
indebted to the valuable work lately published by Mr 
Simms on Mathematical Instruments. The descrip- 
tion of instruments is followed by some Problems in 
Nautical Astronomy, for determining the time, the la- 
titude, and the longitude from observation. On this 
part of the subject the Author has dwelt longer than 
he originally intended, and, perhaps, than may by 
some persons be thought necessary, seeing that we 
have already so many valuable treatises devoted to 
these subjects alone ; but when it is considered that, 
however correct a survey may be in other respects, it 
would not, in a geographical point of view, be complete 
unless the latitude and longitude of some remarkable 
object or headland were given, and as he wished this 
Treatise should contain every thing which is requisite 
to be known by the surveyor, independently of other 
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treatises, he trusts these problems will neither be 
thought unnecessary nor misplaced. 

In proceeding to survey a coast, the first object is 
to measure a base line, to be used as an element in the 
succeeding calculations. He has therefore shewn the 
method of measuring such a line, both on land and 
water; and has given an account of various experiments 
made to ascertain the velocity of sound, with a table 
of the results, and the names of the experimenters; 
. also the method of applying the velocity of sound to 
the measurement of a base line. He has then ex- 
plained the method of finding trigonometrically the 
latitude and longitude of any place when the latitude 
and longitude of some other place not very remote is 
known : — after which the rule and examples for finding 
the variation of the compass by amplitudes and azi- 
muths, by which the true direction of the base line 
may be determined: also three methods of ascertain- 
ing the meridian line — 1st 9 by equal altitudes of a star; 
2rf, by equal azimuths ; 3flf, by a circumpolar star. 

The subject he has next entered upon is the various 
methods of finding the station of the ship, by protract- 
ing the measured angles subtended by three hills, or 
fixed objects on land, under all circumstances; with a 
variety of examples under each case, calculated at 
length, and several examples for practice. On account, 
of its great practical utility and importance, he has 
treated this subject at considerable length; and he 
hopes that among the various problems for finding the 
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station-point, containing as they do such a variety of 
modes of investigation, all demonstrated geometrically, 
the young officer will find much useful matter. On 
this part of the present Treatise he has bestowed much 
labour and attention, and has taken special care that 
the figures should be accurately constructed, and the 
protracted lines and angles made to agree exactly with 
the results determined by logarithmic calculation. 

The references from the text to the figures are nu- 
merically arranged; and, to render them as clear and 
comprehensive as possible, they have been constructed 
on a large scale, which has caused them to occupy no 
less than seven copper-plates. 

The last subject of which he has treated is the prac* 
tice of Marine Surveying under all circumstances, 
whether coast, harbour, or bay; with the method of 
protracting soundings with the Station- Pointer, and a 
description of that instrument: also the most easy 
manner of registering the soundings and angles on the 
Log-slate, with many useful practical hints while ex- 
ploring and surveying a coast. The heads of the 
various subjects treated of will be found in the table 
of Contents. 

The work concludes with a Table of Logarithms of 
Numbers from an unit to ten thousand; a Table of 
Logarithmic Sines and Tangents, &c. ; also a Table 
of Natural Sines, which it is hoped will render the 
work complete, and save the expense of a larger set of 
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tables ; the present tables having been compared with 
the tables of Hutton, Callet, Taylor, Briggs, &c. 

Besides his obligations to Captain D. Ross, the 
Author has also to acknowledge the kind attentions he 
received from Lieut. R. Lloyd, the Assistant Marine 
Surveyor of India, to both of which gentlemen he feels 
indebted for much valuable practical knowledge. The 
author also begs, very respectfully, to tender his thanks 
to Mr Wallace, the eminent Professor of Mathema- 
tics in the University of Edinburgh ; and likewise to 
Mr Forbes, the Professor of Natural Philosophy : to 
both these gentlemen he is indebted for much infor- 
mation; nor can he sufficiently acknowledge their ur- 
banity in private, and the extensive knowledge which 
they communicate to their respective classes in public. 

To the Rev. Alexander Wallace, A. M., and to 
Dr Stone, the author feels himself likewise under con- 
siderable obligation. The scientific and literary at- 
tainments of these gentlemen are already well known ; 
and the author considers himself particularly fortunate 
in having had the advantage of becoming personally 
acquainted with them during his late residence in 
Edinburgh. 

Edinburgh, September 1834. 
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When we reflect on the dangers which are incident to those 
who peril their lives and properties on the bosom of the " illi- 
mitable sea," and when we remember how vast is the import- 
ance which must ever be attached to our commercial intercourse 
with distant and foreign nations, we shall, without hesitation, 
admit that the principles by which the seaman may be enabled 
to steer clear of the rocks and shoals that lie scattered below 
the surface of the ocean, demand the most earnest investiga- 
tion. Without such information being under his practical com- 
mand, his vessel must frequently run the most frightful hazards 
of shipwreck ; and the art of navigation, so fer as he is concern- 
ed, will prove of no more avail than it would have done in the 
rudest and darkest ages of the world. 

Accordingly, the art of marine surveying is one not only 
of geographical or scientific interest, but of great national im- 
portance, inasmuch as it will enable the nautical man to steer 
m safety along any unknown coast, or enter, without appre- 
hension, any harbour in which he may desire to anchor his 
vessel. Thus, without any loss either of property or life, 
may our intercourse with the most distant countries be ex- 
tended. 

Let us then proceed to explain the method which must 
be adopted in surveying a coast or harbour. To effect this, 
it is necessary to measure, on a convenient plain or beach, 
a long base line, between the extremes of wnich and other 
objects, angles must be taken, so as to determine, with mathe- 
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matical precision, the exact position of at least three of those 
objects. They ought, if possible, to be conspicuous enough to 
be seen by the observer at a great distance; and the finer the 
termination of their summits tne better, for thereby we obtain 
a greater degree of nicety in the measurement of the angle 
subtended by them, by which means the station of the ship 
may at all times be determined, while sounding and explor- 
ing the coast, by a protraction of the two angles so tsdcen. 
When, however, a greater degree of correctness is required, 
such as to fix the position of a rock or shoal that it may be 
laid down on the chart in its |true place, recourse must be had 
not only to a protraction, but to an absolute trigonometrical 
calculation of the sides and angles, by which we can alone 
expect an accurate result. 

If suitable hills or remarkable objects happen not to be 
found, then artificial means must be resorted to, by having 
marks or signal-posts erected, the mutual distances of which 
must, as in the above case, be determined by angles taken 
from the extremities of a correctly measured base line. This 
system of surveying, whether on shore or afloat, is acknow- 
ledged to possess a decided superiority over all other methods, 
being not only more correct but infinitely more comprehensive 
and expeditious; and should an error occur in determining one 
point or station along the coast, it will not in the slightest 
degree aSect the rest, unless it be afterwards made a hnk in 
the chain of triangles carried forward, but will be confined 
strictly to that identical part, and may at any future period be 
rectified, without in any manner interfering with the trigono- 
metrical arrangement oi the survey. The principal considera- 
tion, therefore, is to make a judicious selection of the three 
objects at the commencement of the survey, choosing those, 
with well-defined sharp summits, and so situated as to form as 
nearly as possible an equilateral and equiangular triangle; for 
on tms arrangement depends the accurate determination of the 
various rocks, shoals, and points along the whole line of the 
coast. As all the cases in surveying are solved by trigono- 
metry, where great accuracy is required, it becomes absolutely 
necessary that those who wish to acquire a knowledge of this 
science should be familiar with decimal and fractional arith- 
metic, with the first six books of Euclid's Elements, and prac- 
tical geometry: he should possess a knowledge of some of the 
fixed stars, and understand the logarithmic calculation of plane 
and spherical trigonometry; he should be able to use with 
facility the sextant, in determining the latitude by a meridian 
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altitude of the sun, moon, and stars, both with and without an 
artificial horizon, also by double and equal altitudes; he should 
be able to use the theodolite, azimuth, and prismatic com- 
passes, and should have studied well the constitution and ad- 
justment of the variouB instruments made use of in surveying, 
as described under that head. A knowled^^e of drawing, and 
an expert habit of protracting lines and angles, with the aids of 
a divider and a scale of equd parts, will cuso be of the utmost 
utility. 



PLANE TRIGONOMETRY. 

Two geometrical magnitudes of the same kind may.be com- 
pared with each other, by assuming another magnitude of the 
same kind, which is a part of both, and, employing this last 
magnitude as a measunng unit, finding how often it is con- 
tained in each of the others. The quotient thus obtained will 
express arithmetically the relation of the two given magnitudes. 
Thus, assuming one inch as the measuring unit, it, of two 
straight lines, the one contain the measuring unit ten times, 
and the other contain it fifteen times — that is, if the one line 
is 10 inches and the other 15 inches — the numbers 10 and 15 
will express the ratio of these lines to each other, and may be 
taken to represent the lines themselves. 

In like manner, assmning any determinate part of the cir- 
cumference of a circle as a measuring umt, and finding how 
often it is contained in each of two given arcs, the quotients 
win express the ratio of the arcs to each other, and may be 
used as representatives of the arcs themselves. And as angles 
at the centre of equal circles, or of the same circle, are to each 
other as the arcs on which they stand (Euc. vi. 33), the num- 
bers representing the arcs may also be used to denote the 
angles. 

In this way numbers may be employed to express the rela- 
tion of the sides and angles of triangles to each other. This 
application of numbers to geometrical magnitudes is called 
Trigonometry. 

Before proceeding to give the definitions to be employed in 
trigonometry, it wiU be necessary to obtain a proper represen- 
tation for the measure of an angle. 

Let ADBB be a circle (fig. I), and draw the diameters ab, 
DE at right angles to each other, which will divide the cir- 
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cumference into four equal parts, ad^ db, be, ea, each of 
which is called a quadrant* 

Draw any straight line cf from the centre to the circumfer- 
ence, then (Euc. vi. 33) the angles acf, acd, are to each 
other as the arcs af, ad ; so that if the magnitude of the angle 
ACF be represented by the arc af, the magnitude of the angle 
ACD will be represented by the arc ad; and so of all other 
angles. The magnitude of an angle is in all cases measured 
by the arc which subtends it in a circle described with a given 
radius. 

For the purpose of exhibiting arithmetically the magnitude 
of angles, the circumference of the circle is supposed to be di- 
vided into 360 equal parts, called degrees; each degree into 
60 equal parts, called minutes; each minute into 60 equal 
parts, called seconds; noted thus, ° degrees, 'minutes, ''se- 
conds, &c. And since arcs are the measures of angles, every 
angle may be termed an angle of such number of degrees, 
minutes, and seconds, as the arc which subtends it contains. 
Thus, if the arc af contains 36 degrees, 45 minutes, 33 se- 
conds, the angle acf (making use of the above notation) is 
said to be an angle of 36° 45' 33". The quadrants ad, db, 
BE, EA, contain (as is evident) 90° each. 

DEFINITIONS. 

L The €[ifference between any angle acf (fig. 1) and a 
right angle, or 90°, is called the complement of that angle. 
TTius, if acf is an angle of 25° 5' 2", its complement fcd will 
be aji angle of 64° 54' 58". 

2. The supplement of an angle is the difference between it 
and 180°, or what it wants of two right angles. Thus, if the 
angle acf (fig. 1) is 50° 33' 24", its supplement fcb will be 
129° 26' 36". 

3.^ The straight line af (fig. 2), drawn from one extremity 
of the arc to the other, is called the chord of the arc af. 

4. FG (fig. 2), a line drawn from one extremity of the arc 
AF perpendicular to the diameter ab, passing through the other 
extremity, is. called the «^w€ of the arc af, or of the angle acf. 

5. The versed sine is the segment of the diameter between 
the sine and the circumference. The line ag (fig. 2) is the 
versed sine of the arc af, or of the angle acf. 

6. If a line be drawn touching the circle in a (fig. 2), and 
the radius cf be produced to meet it in the point k, then ak 
Li called tiie tangent^ and ck the secant of the arc af, or of 
the angle acf. 
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Corollary to Definitions 4 and 6. — The sine, tangent, and 
secant of any angle acf (fig. 2), are also the sine, tangent, and 
secant of its supplement bcf. 

It is evident from def. 4, that fg is the sine of the angle bcf. 
Let FC be produced to meet the circumference in the point m, 
and it is manifest that ak is the tangent, and ck the secant of 
the angle mca. But mca is equal to its vertical angle bcf; 
therefore ak, ck, are respectively the tangent and secant of 
the angle bcf. 

7. if a line be drawn touching the circle in d (fig. 1\ and 
CF be produced to meet it in l, and fH be drawn perpendicular 
to the diameter dk, then fh, dh, dl, and cl, become respec- 
tively the sine, versed-sine, tangent, and secant of the angle 
FCD, which is the complement of the angle acf, and are there- 
fore called the cosine^ coversedsine^ cotangenty and cosecant 
of the angle acf. 

CoroZfor^.— Since cg (fig. 2) is equal to fh f Euc. i. 34), 
it is equal to the cosine of the arc af« Hence the cosine of 
any arc is equal to that part of the radius of the circle which 
is intercepted between the centre of the circle and the extre- 
mity of the sine of that arc. 

A few necessary properties of arcs and angles demonstrated 
geometrically : — 

Property I. (Fig. 3.) 

The chord of an arc is double the sine of half that arc. 

Let AF be the chord of the arc adf. Draw cg at right 
angles to af and produce it to d. Then (Euc. iii. 3) cg bi- 
sects the chord af, and (Euc. iii. 30) it also bisects the arc 
AF in D. Hence the chord af = 2fg, and the arc af = 2fd, 
or FD = ^AF. Now FG = siuc of arc fd =z sine J arc af; 
therefore, the chord af = (2 fg)= twice the sine of ^ arc af. 

Propbrty IL (Pig. 3.) 
The chord of 60^ is equal to the radius of the circle. 

Let AF be an arc of 60°, then the angle acf of the triangle 
ACF is 60°; and since the three angles of the triangle are equal 
to 180°, the two remjdning angles caf, cfa, must be equal to 
120°. But CA = cf; hence tne angle caf = cfa, and each 
of them is 60°. Therefore, the triangle caf is equiangular 
and equilateral; wherefore the chord af = (ac or cf) = radius. 
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Property III. (Fig. 3.) 

The sine of 30^ is eqtuxl to half the radius. 

By Property I. the sine of an arc is half the chord of double 
the arc; i^ therefore, af is 60®, fd will be 30°, and its sbe 
FG = ^AF = (by Property II.) i radius. 

Property IV. (Fig. 4.) 

The tangent of 45^ is equal to the radius. 

Let the arc af = 45®, then the angle ack = 45®; and since 
the angle cak = 90®, the remaininff angle akc must be 45®: 
hence the angle ack = the angte akc, and the tangent 
AK = AC = radius. 



RIGHT-ANGLED TRIANGLES. 

A right-angled triangle consists of six parts — viz. the three 

sides and three angles. Of the six parts mentioned, any three 

being given, except the three angles, the remaining three may 

be found by calculation. 

N. B. — The three angles of every triangle are together equal to two right 
angles, or 180° (Euc. i. 32); if, therefore, one of the angles of any triangle 
he a right angle, the two remaining angles must together he equal to 90*^. 
When, therefore, one of the acute an^es is given, the other may he found 
hy subtracting that given angle from 90°. 

The rules for computing the sides and angles of right-angled 
triangles are deduced from the following 

PROPOSITION. 

In any right-angled triangle^ the hypothenuse is to either of the 
sides as radius is to the sine of the angle opposite to that 
side; and as either of the sides is to the other side^ so is ra- 
dius to the tangent of the angle opposite to that side. 

Let ABC (fi^. 5) be a right-angled triangle, having the right 
angle at c, with any distance ad as radius, describe an arch of 
a circle de, cutting ac, ab, in d and e, draw df and eg perpen- 
dicular to AC, then df is the sine, and ge the tangent of angle 
A. Then because the angle afd is equal to the angle acb, 
being both right angles, and the an^le a is common to the 
two triangles afd, acb, these triangles are similar (Euc. vi. 
4.); therefore ab is to bc as ad to df. But ad is the radius, 
and DF the sine of angle a; therefore ab is to bc as radius to 
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sine A. Again, because in the triangles acb, abo, the angle 
A is common and aeg is equal to acb, oeing both right angles, 
these two triangles are smiilar (Euc. vi. 4.); therefore ac is 
to CB as' AE to BO* But AE is uie radius, and eg the tangent 
of angle a; therefore ac is to cb as radius to tangent a* 

From the above proposition it is evident, that if the hypo- 
thenuse ab (fig. 6) of a ri^ht-angled triangle be made radius, 
the side bc becomes the sme of the angle bag opposite to it, 
or the coHsdne of the angle abc, siace these angles are the com- 
plements of each other, and the side ac becomes the condne of 
angle bac or sine of anc^le abc. 

But if the side ac (fig. 7) be made radius, the other side 
bc becomes the tangent of the angle bac or co-tangent of the 
angle abc, and ab, the] hypothenuse, becomes the secant of 
the angle bac, or co-«ecant of abc. 

In l&e manner, if bc (fig. 8) be made radius, ac becomes the 
tangent of the angle abc, or co-*tangent of bac, and ab becomes 
the secant of abc, or the co-secant of bac. 

The solution of right-angled triangles may be divided into 
the four following cases: — 

1. When the angles and hypothenuse are given. 

2. When the angles and one side are given. 

3. When the hypothenuse and one side are given. 

4. When the sides are given. 

In each of these cases, uie three remaining parts of the tri- 
angle may be found in ihe following manner : — 

If it be required to find a side, write the word radius on one 
side of the triangle, and then consider what the other sides be- 
come, and write upon them their respective names, agreeably 
to what is shown m figures 6, 7, 8 : then say — 

As the name upon the given side 
Is to the name upon the required side. 
So is the given side 
To the required side. 

If an angle be sought, write the word radius upon a given 
side, and, as before, mark what the other sides become: then 
say- 
As the side made radius 
Is to the other given side, 
So is radius 
To the name upon that other side. 
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Find the logarithms of the three given tenns in the tables of 
logarithms. 

Add the logarithms of the second and third terms together, 
and from their sum subtract the logarithm of the first term, 
and the remainder will be the logarithm of the fourth term; 
which being found in the table bearing its name, either num^ 
berSf or degrees^ minutes, ^c. will give the required angle or 
side. 

PROBLEM I. 

Given the angles and hypothenuse to find the remaining sides^ 

In the right-angled triangle abc (fig. 9), having the right 
angle at c, there are given the hypothenuse ab, equal to 135 
feet, the angle bag equal to 25° 30^ Required the sides ac and 
Bc ? Since the angle bac is 25** 30', the angle abc, which is 
found by subtracting bac from 90**, will be 64** 30', 

GEOMETRICAL CONSTRUCTION. 

At the point a, in an indefinite straight line ac, make, by 
means of a protractor or scale of chords, an angle bac equal to 
25** 30'; from a scale of equal parts take off 135, and apply it 
to the line ab, from the point b draw bc perpendicular to ac, 
then shall abc be the triangle required, and bc, ac, applied 
to the same scale from which ab was taken, will give the 
length of the sides as near as protraction will admit ; bc will be 
equal to 58*12, and ac equal to 121*85, nearly. 



CALCULATION BY LOGARITHMS. 

Making ab, the hypothenuse, radius. 



To find BC. 
As radius . . ICOOOOOOO 
Is to sine a 25^ SC 9-6339844 
Sois AB 135 . . 2.1303338 



To BC 58.12 



11.7643182 
1.7643182 



To find AC. 
As radius . . . ICOOOOOOO 
Is to sine b 64° 30' 9-9554882 
SoisAB 135 . 2.1303338 



To AC 121.85 



12.0858220 
2.0858220 



Making ac, the base, radius* 



To find BC. 
As sec. A 25° 30' 10.0445118 
Is to tan. A 25<^ 30^ 9-6784961 
So is AB 135 . . 2-1303338 



To BC 58.12 



11.8088299 
1.7643181 



To find AC. 
As sec. A 25° 30' 10-04451 18 
Is to radius . . 100000000 
So is AB 135 . . 2.1303338 



To AC 121. 85 



12.1303338 
2.0858220 
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Making bc, the perpendicular, radius. 



To find Bc. 
As sec. B 64° 3(K 10.'3660156 
Is to radius . . lO-OOOOOOO 
So is AB 135 . . 2.1303338 



12.1303338 
To BC 58.12 . . 1.7643182 



To find AC. 
As sec B 64^ 30' . 10.3660156 
Is to tan. B 64® 80' 10-3215039 
So is AB 135 . . 2.1303338 



12.4518377 
To AC 121.85 . . 2.0858221 



By the above work it will be seen, that whichever side is 
made radius, the result is exactly the same. 

EXAMPLES FOR PRACTICE. 

1. The hypotlienuse of a right-angled trian^e is 374-9 
yards, and one of the acute angles 38° 40'. What are the 
other two sides? Ans. 292-72, and 234-23. 

2. A ladder, 85 feet lon^, was placed against the wall of a 
house, so that one end of it touched the top of the wall, and 
the other end made an angle with the ground of 36° 15'. Re- 
quired the height of the wall, and the difirfanee of the lower 
extremity of the ladder from it? Ans. 68-548 and 50-262. 

3. A ship, from latitude 40° 36' N., sails N.W. i W. 204 
miles. What is her departure from the meridian, and the la- 
titude come to? Am. Dep. 157*70. 

Lat. in 42° 45' 25". 

PROBLEM II. 

Given the Angles and one side to find the hypothenme and 

the other side. 

In a right-anffled triangle abc (fig. 10\ there are given the 
side AC 105-3 feet, and the angle a 44 25'. Required the 
hypothenuse ab, and the side bc ? 

GEOMETRICAL CONSTRUCTION. 

Draw the straight line ac, and from a scale of equal parts, 
make it equal to 105-3; at the extremity a, by means of a pro- 
tractor or. scale of chords, make an angle cab 44° 25': from 
c draw cb perpendicular to ac, and let it meet ab in b. abc 
is the trianffle required; and ab, bc, applied to the same scale 
from which ac was measured, will give the length of ab, 
147-42, and bc 103-18, nearly. 

By subtracting 44° 25' from 90°, the angle b will be found 
to be 45° 35'. 
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CALCULATION BT LOGARITHMS. 

Making ab radius. 



To find AB. 
As sine b 45o 35^ 9.8538619 
Is to radius . . 10.0000000 
So is AC 105.3 . 2.0224284 



To AB 14742 



12.0224284 
2.1685665 



To find Bc. 
As sine b 45^ 35' 9.8538619 
Is to sine A 440 25^ 9.8450181 
So is AC 105.3 . 2.0224284 



ToBc 103.18 



11.8674465 
2.0135846 



Making AC radius. 



To find AB. 
As radius . . . 10.0000000 
Is to sec. a44o 25^ 10.1461381 
So is AC 105.3 . 2.0224284 



To AB 14742 



12.1685665 
2.1685665 



To find BC. 
As radius . . . 10.0000000 
Is to tan. A 440 25^ 9.9911562 
So is AC 105.3 . 2.0224284 



To BC 103.18 



12.0135846 
2.0135846 



Making bc radius. 



To find AB. 
As tan. B 450 35' 10.0088438 
Is to sec. B 450 35^ 10.1549819 
So is AC 105.3 . 2.0224284 



To AB 14742 



12.1774103 
2.1685665 



To find BC. 
As tan. B 450 35' 10.0088438 
Is to radius . . 10.0000000 
So is AC 105.3 . 2.0224284 



To BC 103.18 



12.0224284 
2.0135846 



EXAMPLES FOR PRACTICE. 



1. Given a side of a right-angled triangle 359-6, and the 
adjacent acute angle 26^ 13^ What are the hypothenuse and 
remaining side? Am. Hyp. 400.83. Side 177-07. 

2. What is the height of a steeple, whose angle of elevation, 
at the distance of 400 yards, is 34° 26' ? 

Ans, Height of steeple 274*23. 

3. A ship sails between S. and W., on a course of 56® 15', 
till her departure is 80 mUes. What distance has she sailed, 
and what is her difference of latitude? 

A71S. Dist. 96-215. Lat. 53-45. 

PROBLEM III. 

Given the hypothenme and one side^ to find the angles and 

the other side. 

In a right-angled triangle abc (fig. 11), given the base 
AC 4378, and the hypothenuse ab 5218, to find the angles a 
and B, and the other side bc. 
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GEOMETRICAL CONSTRUCTION. 

Draw AC, and make it 4378 equal parts; erect the perpen- 
dicular Bc of indefinite leneth; men, with a radius of 5218 
equal parts, describe a circle, cutting bc in the point b, draw 
AB, and find the measure of the angles a = 32^ 57' 50'% and b 
z= 57^ 2' 10'' by the line of chor&, and the side bc equal to 
2839*13 from tne scale of equal parts from which ab and ac 
were taken. 



CALCULATION BY LOGARITHMS. 

Making ab radius. 



To find the Angles b and a. 
As AB 5218 . . . 3-7175041 
Is to AC 4378 . . . 3-6412758 
So is radius . . . 10-0000000 



18-6412758 
To sin B 57® ^ 10" 9-9237717 
90O 
570 2/ 10" 



A=:32O57'50" 



To find Angles b and a. 
As AC 4378 . . 3-6412758 
Is to A b 5218 . . 3-7175041 
So is radius . . . 10-0000000 



To find side bc 
Asrad. .... 10.0000000 
Is to sine a 32° 57' 50" 9-7356870 
So is ab 5218 . . . 3.7175041 



To BC 2839.13 



13-4531911 
3-4531911 



Making ac radius. 

To find BC. 
As radius, . . . 100000000 
Is to tan. A 320 57' 50" 9-8119180 
So is AC 4378 . . . 3-6412758 



13-7175041 
To sec A 32° 57' 50" 100762283 
90O 
320 57' 50" 



To BC 2839-13 



13-4531938 
3-4531938 



B=57<> 2' 10" 

Note. The side bc may be found by (Eu c. i. 47.) For ab' =s ac' 
+ cb' ; therefore ab' — ac' = bc', and bc =i/ab' — ac*. 

EXAMPLES FOR PRACTICE. 

1. A ship sails between N. and E. 120 miles, till her dif- 
ference of latitude is one degree or 60 miles. Required her 
course and departure? Ans. Course 60^. Dep. 1 03*95, 

2. At what distance from the bottom of a wall which is 
34*57 feet high, must a ladder 70| feet in length be placed, 
so that its extremity may reach the top of the wall ? 

Am. 61-738 feet. 
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3. A ship's main-stay is 14 fethoms, and the distance from 
the main-mast, along the deck to the ni^ht-heads, where it is 
set up is 50 feet. Required the whole heij?ht of the mast from 
the upper deck, the mast head being 14 reet ? 

Ans. 81*498 feet. 
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PROBLEM IV. 

Given two sides^ namely the base and perpendicular, to Jind 

the hypothenuse and the angles. 

In the triangle abc (fig. 12.), right-angled at c, there are 
given the side ac 335 feet, and the side bc 474 feet. Re- 
quired the hypothenuse ab, and the angles a and b ? 

GEOMETRICAL CONSTRUCTION. 

Draw AC and make it equal to 335, from a scale of equal 
parts; erect CB at right angles to ac, and make it equal to 
474 from the same scale ; join ab, and abc is the triangle 
required. Measure ab upon the scale from which ac and cb 
were taken, and the angles a and b from a scale of chords, 
AB will be equal to 580-431, angle b = 35"". 15'. 3'', and the 
angle a = 54^. 44'. 57''. 

CALCULATION BY LOGARITHMS. 

Making ac radius. 



To find the Angle a. 
As AC 335 . . 2.5250448 
Is to BC 474 . . 2.6757783 
So is rad. . . . 10-0000000 



12.6757783 

To tan. A 540 44^57" 10.1507335 

90° 
54044/57// 



To find A B. 
As radius .... 10-0000000 
Is to sec. A 540 44^ 57" 10.2387059 
So is AC 335 . . . 25250448 



To AB 580.431 



12.7637507 
2.7637507 



B = 350 15' 3" 

Making bc radius. 

To find Angle a. To find ab 

AsBc474 . . . 2.6757783 
Is to AC 335 . . 2.5250448 
So is rad. . . . 10-0000000 



12.5250448 
To tan. B 350 15^ 3" 9.8492665 
90° 
350 15' 3" 



A ss 54« 44' 57" 



As radius, . . . 10.0000000 
Is to sec. B 350 15' 8" 10.0879729 
So is BC 474 .. . 2.6757783 



To AB 580-431. . 



12.7637512 
2.7637512 
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EXAMPLES FOR PRACTICE* 

1 . A ship from latitude 56^, 51'. N. sails between S. and W. 
till she is in latitude 54® 25' N., her departure being 32 miles. 
Required her course and distance ? 

Ans. Course S. 12° 21' 45", W. Dist. 149.47. 

2. The height of a pole is 35 feet — what is the length of a 
rope stretched from the top of the pole to a point on the ground 
17 feet from its base, and what angle does it make with the 
ground? ^m?. 64° 5' 37". Length 38-91. 

3. Three towns, a, b, and c, are so situated, that a bears 
from B S. 77° 45' W., and c from b N. 12° 15' W,; the 
distance of a from b is 42 miles, and that of c from b 65 miles. 
What is the distance between a and c, and how do they bear 
from each other? 

Ans. c bears from a N. 20° 37' 7" E., or N. by 
E. I E. nearly, a from c distant 77*389. 



OBLIQUE-ANGLED TRIANGLES. 

Of the three sides and three angles of an oblique-angled tri- 
angle, any three being given, one of which, however, must be 
a side, the other three may be found. 

It is necessary that one of the riven parts be a side, be- 
cause the angles do not determine me magnitude of the trian- 
gle, and any number of equiangular and similar triangles 
may be constructed, the sides of which shall all be unequal. 
When two of the angles of a triangle are given, the thinl in 
effect is also given, being the difference between the sum of 
the other two and 180°. The solution of oblique-angled tri- 
angles may be comprehended under the four following cases : — 

1. When two angles and a side opposite to one of them are 
given, 

2. When two sides and an angle opposite to one of them are 
given. 

3. When two sides and the included angle are given. 

4. When the three sides are given. 

The rule for the solution of cases 1 and 2 is derived from 
the following 

PROPOSITION. 

The sides of a plane triangle are to one another as the sines 
of the angles opposite to them. 

From B (fig 13) any angle in the triangle abc, let bd 
be drawn perpendicular to ac; and because the triangle bad is 
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right-wangled at d, b a : bd : : r : sin. a : and for the same reason, 
Bc: bd:: r: sin. c, andinversely bd: bc:: sin c: r therefore, 
ex cequo inversely, ba : b c : : sin* c .*• sin. a, in the same manner 
it may be demonstrated that b a: ac:: sin. c: sin b. Hence 
the following rules 

To find a side. 

As the sine of the angle opposite to the given side 
Is to the sine of the angle opposite to the required side, 
So is the given side 
To the required side. 

To find an angle. 

As the side opposite to the given angle 
Is to the side opposite to the required angle, 
So is the sine of the given angle 
To the sine of the required angle. 



PROBLEM I. 
Given two angles and a side opposite to one of them. 

In the oblique-angled triangle (fig. 14.) abc, there are 
given the side ab 230*5, the angle a 24® 26', and the angle c 
56° 30. Required the angle b and the sides ac and bc? 

Add the angle a 24° 26' to angle c 56° 30', the sum is 80° 
56', this subtracted from 180°, leaves the angle b 99° 4', 
which being greater than a right angle, or 90°, the sine of its 
supplement, 80° 56', must be used in the calculation. 

geometrical construction. 

Draw an indefinite line ac, and at the extremity a, by 
means of a protractor or scale of chords, make an angle cab 
equal to 24 26'; from a scale of equal parts lay oiF from a to b 
230*5, then at the point b, make an angle abc equal 99° 4', 
and let bc meet ac in the point c : and the triangle is com- 
pleted. By the scale of equal parts, it will be found that bc 
is equal to 114*335 and ac 272*963. 



CALCULATION BY LOGARITHMS. 

To find BC. 
As sin. c 56° 30' . 9.9211066 
Is to sin. A 24° 26^ 9-6166164 
So is AB 2305 . 2.3626709 



ToBc 114.335 



11. 9792873 
2.0581807 



To find AC. 
As sin. c 56° 30^ . 9.9211066 
Is to sin. B 80<' 56^ . 9.9945396 
So is AB 230-5 . 2.3626709 



To AC 272.963 



12.3572105 
2.4361039 



MARINE SURVEYING. 15 

EXAMPLES FOR PRACTICE. 

1. Wishing to know my distance from an inaccessible ob- 
ject, I measured a base line 455 fathoms, and found that the 
angles, subtended by lines drawn &om the extremities of the 
base to the object, were 85'' 25' and 23'' 19'. What was the 
distance of the object from each end of the base line? 

Am. One side 478-915, other side 190-17. 

2. In an oblique-angled triangle are given the side ac 624*4, 
angle b 64° 28', and angle c 27® 30'. Required the sides ab, 
CB? Ans. AB. 319-52, Bc 691-575. 

3. Sailing along a coast, I observed a cape to bear from 
me N.W. by N., and having run 25 miles N.N.E., I again 
took its bearings, and found it to be W. by S^S. What was 
my distance from the cape at each station ? 

Ans. Dist. when nrst bearing was taken, 20-195. 

Dist. when second bearing was taken, 21-23 miles. 



PROBLEM II. 

Given two sides and an angle opposite to one of them. 

In a plane triangle abc (fig. 15), there are given the side 
AB 475 yards, the side bc 380 yards, and the angle a 38° 12'. 
Required the other angles b and c, and the side ac ? 

GEOMETRICAL CONSTRUCTION. 

From a scale of equal parts, make the line ab 475. At the 
point A, by means of a scale of chords, or a protractor, make 
the angle bac 38° 12'. From b is a centre, with a radius 
equal to 380, taken from the same scale from which ab was 
measured, describe an arc of a circle, cutting the line ac in 
the point c, or, as in this figure, ia the points c and c'; join 
BC and bc': then acb, or ac'b, is the triangle required. By 
measurement, it will be found that angle ABcis 91° 10' 30", 
acb 50° 37' 30", AC 614-35; angle abc' 12° 25' 30", ac'b 
129° 22' 30", AC' 132.213. 

When the radius bc cuts the line ac in two points, as in 
this figure,- the angle acb is rendered ambiguous, or it may 
be either acute or obtuse. Trigonometry gives us only the 
sine of an angle^ not the angle itself; and, as the sine of 
an angle is also the sine of its supplement, unless there be 
some limitation included in the question, it is impossible to 
determine which of the angles should be taken. In the above 
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example, it is manifest that there are two triangles acb, ac^b, 
each having all the parts given, namely, the angle a, the 
sides AB, and bc, or bc', the same in each ; but the remaining 
angles, and the side ac or ac/ different. 

It is obvious from the figure, that bc and bc' are equal, be- 
ing radii of the same circle: hence the angles bcc', bc'c are 
equal (Euc. i. 5.) But (Euc, i. 13), the angle bc'a is the 
supplement of bca; therefore, when bca is found, bc'a be- 
comes known, from which the angles abc, abc' may easily be 
found. 

When BC is greater than ba, the quantities sought cannot 
have more than one value; but the ambiguity will always oc- 
cur when the side opposite the given angle is less than the 
other given side. 

CALCULATION BY LOGARITHMS. 

To find angle acb. 
As BC 380 . . 2.5797836 
Is to AB 475 . . 2.6766936 
So is sine a 38<^ 12' 9-7912754 



12.4679690 
To sine c 50*^ 37' 30" 9.8881854 



From . . 
Take a + c 


II II' II II- II II- 


180«> 
88° 49^ 30" 


ABC 


91° W 30" 


From . . 
Take A + C 

• 


180<^ 

167^ 34' 30" 


ABC' 


120 25' 30" 


From . . 
Take bca 


180° 
50° 37' 30" 


bc'a 


129° 22' 30" 



To find AC 
Assine a38o 12' . . 9.7912754 
Is to sine abc 91° W 30" 9-9999087 
So is BC 380 .. . 2.5797836 



To AC 614.35 



12.5796923 
2.7884169 



To find AC'. 
As sine ac'b 129° 22' 30" 9-8881834 
Is to sine abc' 12© 25' 30" 9.3327644 
So is AB 475 .. . 2-6766936 



12-0094580 
2-1212746 



To AC' 132-213 . . 
EXAMPLES FOR PRACTICE. 

1. In the triangle abc, let the angle a be 56° 25', the side 
AB 32-56, and the side bc 73-54, what are the angles and the 
side AC? 

Ans. Angle c 21° 36'. Angle b 102° 9'. Side ac 8646. 

Note. — In this example, the side bc being greater than ab, the angle c 
must be acute, consequently there is no ambiguity. 
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2. In the plane triangle abc, of which the side ab is 355*25) 
tlie aide Bc 180«6, and the angle a 23^ 15', what are the other 
an|4e8, and the side ac? 

This question admits of two answers: — 
When angle c is acute^ c is 50"^ 56' 23'', nde ac 440-19. 
TVhen angle c is obtuse, c is 129'' 3' 37", side ac 212*598. 
* 3. In the trkmrle abc, let the ande abc be 97^ 12', the 
side ab 369-5, and the side ac 400-2. Kequired the other parts 
of the triangle? 

Ana. Angle a 16® 27' 3". Angle c 66® 20' 57". 
SideBc 114-24. 



PROBLEM III. 

Given two sides and the included angle to find the two 
remaining angles and the third side. 

This case is resolved by the following 

Proposition. (Kg. 16.) 

7%^ sum of any two sides of a tritmgle is to their difference as 
the tangent of half the sum of the angles opposite to those 
sides to the tangent of half their difference. 

Let ABC be a trianj^le, the sum of ab and ac, any two sides, 
is to the difference of ab and ac as the tangent of half the 
sum of the angles acb and abc is to the tangent of half the 
difference of acb and abc. 

About the centre a, with the radius ab, the greater of the 
two ludes describes a circle meeting bc produced in d, aiid ac 
produced both ways in e and f. Join ba, eb, fb, and draw fo 
parallel to bc meeting eb produced in g. 

Because the exterior angle eab is equal to the two interior 
ABC, ACB (Euc. i. 32) and the angle efb, at the circumference, 
is equal to half the angle eab at the centre (Euc. iii. 20); 
therefore efb is^ half the sum of the angles abc, acb, opposite 
to the sides ab, ac. 

Again, the exterior angle acb is equal to the two interior 
cad, ADC, and therefore cad is the difference of the angles acb, 
ADC, that is, of acb, abc, for abc is equal to adc (Euc. i. 5). 
Wherefore, also, dbf, which is the half of cad (Euc. iii. 20), 
or BFG, which is equal to dbf (Euc. i. 29), is half the differ- 
ence of the angles acb, abc, opposite to the sides ab, ac. 

Now, because the angle fbe m a semicircle is a right angle 

B 
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(Euc. iii. 31), BE is the tangent of the angle bfb, and eg 
the tangent of the angle bfg, to the radius fb: and be is, 
therefore, to bg as the tangent of efb is to the tangent of bfg, 
or, as the tangent of half the sum of the angles acb, abc, to 
the tangent of half their difference. Also, ce is the sum of ca 
and AB, the sides of the triangle abc, and cf their difference: 
and because bc is parallel to fg, ce : cf :: be : bg (Euc. vi. 
2), that is, the sum of the two sides of the triangle abc is to 
their difference, as the tangent of half the sum of the angles 
opposite to those sides is to the tangent of half their difference. 
When one of the angles of a triangle is given, the sum of 
the two remaining angles may be found by subtracting the 
given angle from 180°, and the remainder, divided by 2, will 
give half the sum of these angles. By the above proposition, 
if two sides and an included angle of a triangle be given, half 
the difference of the remainins^ angles may be found. Then 
half the sum and half the diiference of these angles bein^ 
known, their values may be obtained separately by the foE> 
lowing 

Proposition. 

Half the sum of two magnitudes, added to half their differencCy 
gives the greater ; and half the differ encey stAtracted from 
half the sum, gives the less. 

For, let AC and cb be two magnitudes, of which ac is greater 
than BC, and let their sum be ab. Also let ad be half the 
given sum, then db will also be half the given sum. To each 
of these add dc, and ac will be equal to bd and dc together, 
that is, to BC and twice dc : therefore, twice dc is the differ- 
ence, and DC half the diffierence, of the two given mamitudes. 
But AC, the greater, is equal to ad and dc together, that is, to 
half the sum added to half the difference; and bc, the less, is 
equal to the excess of bd, half the sum, above dc, half the 
diffierence. 

By this proposition the angles may be found. The third 
side of the triangle may then be calculated as in the last 
problem. 

In the triangle ^fig. 17)^ abc, are given the side ab 721, the 
side Bc 834, and the included angle b 63° 10^ Required the 
angles a and c and side ac ? 

GEOMETRICAL CONSTRUCTION. 

Draw two straight lines ab, bc, containing an angle of 63^ 
10'; take from a scale of equal parts ab = 721, and bc = 834; 
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join AC, and abc will be the triangle required. By the same 
scale or protractor it will be found that a = 65 9' 28'', c 
=: bl"" 4(y 32'', and the side ac 820-081, nearly. 



CALCULATION BT LOGARITHMS. 



To find the angles a and c. 
AsBc + BAl555 . 3.1917304 

Is to BC — B A 1 1 3 . 2.0530784 

Sois tang. K^+c) 58^ 25^ 10.21 12639 



12.2643423 
To tan. J(a-c) 6° 44' 28" 9-0726 1 19 
A = 650 y 28" 
c= 51^40' 32" 



As sin. A 650 9/ 23/' 
Is to sin. B 630 10' 
So is Bc 834 



To AC 820.081 



9.9578314 
99505223 
2.9211661 

12.8716884 
2.9138570 



BXAMPLBS FOR PRACTICE. 

1. In a triangle abc are giren the sides ab 1327, ac 1112, 
and the included angle at a 55^ 10'. Required the angles c 
and B, and the side bc? 

Am. Angle c, 7 1 ° 59' 40". Angle b, 52° 50' 20". 
Side BC, 1 145.32. 

2. In a triangle abc are given the side ac 1313, side bc 
1523, and the angle at c 70°. Required the angles a and b, 
and the side ab? 

Ans. Angle a, 61° 2' 12". Angle b, 48° 57' 48". 
Side AB, 1635.73. 

3. From a station b (in a triangle abc as in the last cases), 
I took the bearings of the objects a and c as follows: — ^a &om 
B S.W. i W. distant 10| miles, c from b S.S.E. distant 12| 
miles. Required the distance of a from c? 

Ans. A from c, 14*0164 miles. 



PROBLEM IV. 

> 

Given the three sides of a triangle to find the angles. 

Proposition (Fig. 18.) 

If a perpendicular be drawn from any angle of a triangle to 
the opposite side or base^ the sum of the segments of the base 
is to the sum of the other two sides of the triangle as the dif- 
ference of those sides to the difference of the segments of the 
base. 
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Let ABC be a triangle, ab a perpendicular drawn from the 
angle a on the base Bc, so that bd, dc, are the segments of the 
base, CD + db : ac '+ ab : : ac — ^ab : cd— ^db. 

From A as a centre, with the radius ac, the greater of the 
two sides, describe the circle cvo; produce ab both ways to 
meet the circumference in e and f, and cb to meet it m g; 
then because af = ac, bf = ab + ac the sum of the sides ; 
and since ae = ac, be = ac — ab the difference of the sides; 
also, because ad, drawn from the centre, cuts gc at right 
angles, it bisects it (Euc. iii. 3); therefore, when the per- 
pendicular falls within the triangle, bg =: dg — db = dc — db 
= the difference of the segments of the base, and bc = bd 
+ DC = the sum of the segments. But when ad falls without 
the triangle (fig. 19), bg = dg + db =z cd + db = the sum of 
the segments of the base, and bc = cd — db = the difference 
of the segments of the base. Now, in both cases, because b is 
the intersection of the two lines fe, gc, drawn in the circle, 
TEuc. iii. 35) fb • be = cb • bg; that is, as has been shewn, 
^AC + ab) (ac — ab) = (cd + db) (cd — dbV Therefore 
(Euc. vi. 16J) (cd + db) 2 (ac + ab) : : (ac — ab) : (cd — db). 

Hence, it in a triangle the three sides be given, and a per- 
pendiculax be drawn from one of the angles to the opposite side, 
the sum and difiEierence of the segments of the Iralse become 
known. Then, half the sum of the segments added to half 
their difference, will give the greater; and half the difference 
subtracted from half me sum, \ml give the less segment. The 
angles of the triangle may be found by the rules for right- 
angled triangles. 

In a triangle (fig 20) abc are given, the sides ac = 330 
BC =: 530 and AB = 700. Required the angles a, b, and c? 

geometrical construction. 

Take a straight line ab = 700 from a scale of equal parts; 
from A as a centre, with 330 as radius, describe an arc, and from 
B as a centre, with 530 as radius, describe another arc, cutting 
the former in c; join ac and cb, and acb will be the triangle: 
by the protractor or scale of chords, it will be found that a = 
46^ 29' 23'' c = 106^ 38' 44", and b = 26^ 51' 53", nearly. 
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CALCULATION BY LOGARITHMS. 

To find the Segments. 
AsBD + DA = 700 . . 2*8450980 
IstoBc + CA=:860 . . 2-9344985 
SoisBC — CA=:200 . . 2*3010300 



To BD DA 

i f BD DA^ 

I (BD +" DA) 

Greater bd 
Lesser ad 



245.7 
122.8 
350 

472.8 
227-2 



5*2355285 
2.3904305 



To find the Angles. 



As AC 830 
Is to &D 227-2 
So is rad. 



2.5185139 

2.8564063 

10.0000000 



12.3564083 
To COS. A 460 29^ 23"' 9.8378944 



As Bc 530 . 
Is to BD 4728 
So is rad. 



2.7242759 

2.6746775 

10.0000000 



126746775 
To cos. B 260 51' 53^' 9*9504016 



Hence angle c = 106^ 38^ 44'' . 
EXAMPLES FOR PRACTICE. 

1. In a triangle acb are given the side ac =: 477*5, bc 
= 677*8, and ab = 870*7. Required the angles a, b, and c? 

Ans. Angle a 50° 41' 46", b 33° 2\ c 96° 16' 14''. 

2. In a triangle acb, we have given the side acs 18*66, 
BC = 32*8, and ab = 23*05. Required the three angles a, c, 
and B? 

Ans. Angle a 104° 51' 50", b 32° 21' 10", c 42° 47'. 

3. There are three towns, a, b, and c; a is 125 miles firom b, 
and 86 miles from c, and die distance between b and c is 66 
miles. Required the bearing of c firom b, and b firom a, the 
bearing of c from a bemg due north? 

Ans. B from c N. 70° 3' 6" E. or E.N.E. + E ; 
B from A N. 29° 45' 25" W. or N. W. f W? 
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MENSURATION OF HEIGHTS AND DISTANCES. 

Thb heifi^hts and distances of objects are detennined by the 
mensuration and protraction of lines and angles. 

Lines which are accessible throughout their whole length, 
may be measured by applying to them some line whose length 
is known. For this purpose, a tape or chain, or, when great 
accuracy is required, a 20 feet desu or ^lass rod, may be em- 
ployed. The length of those lines which are inaccessible, or 
to which a measure cannot be applied, may be found by the 
rules for trigonometrical calculation. They are then to be 
considered as the sides of triangles, of which as many parts 
can be measured as are sufficient to determine all the ouiers. 
Various instruments have been invented for measuring angles 
of such triangles, of which the most convenient and useful are 
the theodolite and sextant. For a description of these instru- 
ments and the method of using them, the reader is referred to 
the ^^ Description of Instruments," in another part of this work. 

Example I. (Fig. 21.) 

To determine the height of a building, ca, with a chain or 
deal rod, measure a base line, ab, taking care to observe that 
the angle be not too acute or too obtuse; say, for example, 
that you make ab = 180 feet, then place your theodolite at 
B, and measure the angle cba = 37° 20'; then to find the side 
AC, say. 

As radius . . . 10-0000000 

Is to tang, b 37° 20^^ . 9.8823627 

So is AB 180 feet . . 2-2552725 



12.1376352 
To AC . . 137-289 2-1376352 

Add height of the eye, 4- 



141-289 
Or thus, to find ac. 

As sin. of c 52M0' . . 9-9004331 
Is to sm. of B 37° 20' . 9-7827958 

So is ba 180 . . . 2.2552725 



12-0380683 
ToAC . . 137.289 2-1376352 

4- 

141-289 
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Note. — A traveller, desirous of obtaining information, &c. might at all 
times, and at no great labour, determine the neights of curious and remark- 
able ol^cts, within a few feet, with the assistance of a small pocket sex- 
tant ; the base line he might measure near enough for such purposes by 
pacing the ground ; he might also be provided with a small artificial hori- 
zon, which would enable him to determine the latitude of the place at 
the same time. Such a course, independent of its being a pleasing and 
rational amusement, would no doubt prove, if adopted bv those visiting 
and exploring different countries, a source of much general good. 

ExABfPLE II. (Fig. 22.) 

Wishing to know the heis^ht of one of the minarets at the 
city of Benares, I measurea a base line ab z= 300 feet, and 
with a sextant or][theodolite, I found the altitude of the sum- 
mit of the dome to be 25^ 5^ What was the height of the 
building? 

As rad. . . . 
Is to tan. A 25** 5^ 
SoisAB = 300 . 

To Bc 140 . . 



10.0000000 
9.6703197 
2.4771213 

12.1474410 
2.1474410 



Ans. 140 feet. 

As sin. c . . . 9.9569806 
Is to sin. A 25"* 5' 9-6273003 
So is AB 300 . . 2.4771213 



ToBC 140 



12.1044216 
2.1474410 



Example III. (Fig, 23.) 

To determine the height of a monument, I measured from 
its base a line ab = 420 feet, and found the altitude of its 
summit with a sextant to be 19° 39' 14", the eye being raised 
5 feet abore the horizontal line ab. What is its height? 

Ans. 155 feet. 

As rad 10-0000000 

Is to tang. A 19'' 39' 14" 9-5528101 
So is AB 420 . . . 2-6232493 



12-1760594 
2-1760594 



To BC 150 
5 

155 

Remark, — The altitude in measuring heights ought not to be 
measured between the top of the object and the inner extreme 
of the base line, because the eye must necessarily be raised 
above that line; a corresponding height to that of the eye or 
theodolite must be marked on the side of the object, between 
which and the top the angle must be measured; and the hei^t 
of the eye being added to the height found, the calculation 
will give its true elevation. 
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Example IV. (Fig. 24.) 

To detennine the height of a building, surrounded in such 
a manner, by water or otherwise, that a base line cannot be 
measured in any direction, at a point 6 (which suppose in 
the same horizontal plane with the point h at the base of the 
object) fix a theodoute, and take the angles abh = 2^ 45^ 
CBH = 28^ 17^ and the height bg from the centre of the theo- 
dolite to the ground call 5 feet, then, in the parallelogram 
AHBG, ah = bg; hence, in the right-angled triangle, ah = 5 
feet, and the angk abh = 2^ 45^ Ans. 61*01 feet. 



To find AB. 
As t«n. B 2° 45" . 8.6815437 
Istorad. . . . ICOOOOOOO 
So is AH 5 . . . 0.6989700 



To AB 104094 



10.6889700 
2.0174263 



To find AC. 
As sin. €6^43' . 09447862 
Is to sin. B Sd*" 17' 9.6756245 
So is AB 104^94 . 2.0174263 



To AC 5601 
5 



11.6930508 
1.7482646 



61^1 



NoTE.«-.This method may be used, but the result can scarcely be relied 
u^on, on account of the angle which is to determine the base of the larger 
tnangle being so very small. 

Example V. (Fig. 25.) 

Let it be required to find the height of a building ab, where 
a straight line cannot be measured from its base; at c fix the 
theodolite, and observe the angle bcd = 33^ 30', then measure 
a line cg as a base = 200*7 feet, and again take the angle ' 
DGB 26^ 40'; the height of the eye being 5 feet. 

Ans. 422.839 feet. 



To find Bc. 
As sin. OBC 6'' 60" 9.0754799 
Is to sin. G 26° 40" f .6520521 
So is Gc 200.7 . 2.3025474 



11.9545995 
To BC 75704 2.8791196 

To find BD. 
Asrad. . . . 10^0000000 
To sin. c as"" 30" 97418895 
So is BC 75704 . 28791196 


BCD 

BCG 
BGC 


12.6210091 
To BD 417-839 . 2.6210091 
5 


GBC 



422839 



In the trian^e gbc, bcg is the 
supplement of ang^e c in the tri- 
angle BCD (Euc. ii. 13), there- 
fore 

180O 
33<> 30^ 



146'' 30' 
26^40' 

1730 10' 
ISOOOO' 

6^50' 
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Example VI. (Fig. 26.) 

Wanting to know the height of a church steeple, a b, inac- 
cessible on account of uneven ^ound on one side and a ditch 
on the other side, at c I took an angle^ bcd, = 50^ 20% 
and measured a line, C6, = 100 feet, at which station I took 
another an&^le, b gc, = 25^ 30^ What was the height of the 
steeple and the distance from c to d ? 

Ans. Height of steeple, 8a-9073. 

Distance from c to d, 65*4326. 



To find Bc. 
As sin. GBC 24050" 9-6232287 
Is to sin. G 25<'.30' 9*6339844 
So is C6 100 . . 2.0000000 



To BC 102.5 



11.6339844 
2.0107557 



To find CD. 
As sin. c 500.20' . 98863616 
Is to sin. CBD 890.40' 9.6050385 
So is BD 78.9073 . 1.8971173 



To CD 65.4326 



11.7021558 
1.8157942 



To find AB. 
As rad. . . . 10.0000000 
Is to ain. c 50^ 20" 98863616 
So is BC 102.5 . 2.0107557 



ToBD 78.9073 
5. 



11.8971173 
1.^71173 



BA 83.9073 



Example VII. (Fig. 27.) 

Wanting to obtain the height of an inaccessible object, ba, 
at a distance from it, and on some even ground, I took an 
angle, bgd, = 27^ 16', then. Walking towards it in a right 
line, I measured gc, z= 70 yards, and took the angle bcd, 
49® 39', the height of my eye being five feet. What was the 
height of the object? Ans. 69*187 yds. 



To find BC. 
As sin. GBC 22<' 23^ 95806986 
Is to aiu. o 27<) 16" 9.6609911 
So is C6 70 . . 1.8450980 



To BC 842152 



11.5060891 
1.9253905 



To find AB. 

As rad 10.000000 

Is to sin. c 49<>.39' 9-8820140 
So is BC 842152 1. 9253905 



To BD 64.187 
5. 



118074045 
1. 8074045 



AB 69.187 



Example VIII. (Fig, 28.) 

Two observes wishing to ascertain the height to which a 
balloon would ascend, took stations in a direct fine with it, and 
2000 feet from each other; the angle at the nearest station, c, 
was 38"^ 10', and at g 32° 28'. Required Ae height of the 
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balloon when the aldtudes were taken, supposmg the instru- 
ments used to be each five feet above the level of the ground? 

Ans. 6684.87. 



To find Bc. 
As sin. GBC 5^ 42f 8.9970356 
Is to sin. 6 320 28^ 9.7288197 
So is CO 2000 . . 3.3010300 



To BC 1080.97 



13.0308497 
4.0338141 



To find AB. 
As rad. . . . 10-0000000 
Is to sin. c 380 lO' 9.7909541 
So is BC 1080*97 40338141 



To BD 6679.87 
5. 



13.8247682 
3.8247682 



BA 6684.87 



Example IX. (Fig. 29.) 

Standing in for the land, I observed a peak bearing from me 
due west; I took the angle of elevation, and found it to be 12^ 
25'; I steered direct for it, and, after having run 3^ miles, I 
again took an angle of elevation, which was 30° 13' 25''. Re- 
quired the height of the peak, and the distance from the second 
station? Ans. Height, 1-2388. 

Distance, 2-1268. 



To find BC. 
As sin. GB c 1 7<» 48^ 25^' 9-4854526 
Is to sin.?G 120 25^ 9-3324777 
So is CG 3-5 . . 0-5440680 



TOBC 



9.8765457 
0.3910931 



To find AB 

A rad 10-0000000 

Is to sin. c 30O 13^ 25" 9-7018925 
SoisBC .... 0-3910931 



To BA 1-2388 



10.0929856 
00929856 



Note The side bc not being required, its logarithm has been used 

only. Find ca as before = 2-1263. 

Example X. (Fig. 30.) 

Wishing to find the height of a fortified hill, but not being 
able to approach its base, i adopted the following method : — 
I measumi a base line, gk, = 475*6 yds. in front of the hill, 
from the extremes of which line I could distinctly see the sum- 
mit of the tower at p; I then fixed the instrument, and took 
the following angles; gkp, = 70** 28' 30'', kgp, = 66^ 12' 15", 
and PGO, = 30 28' 30"; then in the triangle gpk, we have 
the side gk, and the adjacent angles at g and k, to find the 
other sides gp, kp. 

To find PG. 
As sin. GPK 43° 19' 15" . . 9-8363771 
Is to dn. GKP 70° 28' 30" . . 9.9742794 
So is GK 475-6 2-6772418 



To PG 653-3472 .... 



12-6515212 
2-8151441 
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To find height po. 

Asrad 10.0000000 

Is to an. PGO SO'' 28' 30'' . . 9-7050397 
So is PG 653.3472 2.8151441 



12.5201838 
To OP 331.271 2.5201838 

Example XL (Fig. 31.) 

Wishing to know the height of Arthur^s Seat, near Edin- 
burgh, I measured a base line, gk, z= 356 feet, in front of the 
hill, and took the following angles at its extremities: kgp, 
= 48° 30', GKP, z= 114° 19' 34", and pro, = 63° 15'. From 
these data it is required to find the height? 

To find PK. 

As sin. GPK 17° 10' 26" . . . 9.4702232 

Is to sm. KGP 48° 30' . . . . 9.8744561 

So is GK 356 2.5514500 



12.4259061 

To PK 902.99 2.9556829 

To find PC. 

Asrad 10-0000000 

Is to sin. PKO = 63° 15' . . . 9-9508412 
So is PK 902.99 2.9556829 



To OP 806.35 



12.9065241 
2.9065241 



Example XII. (Fig. 32.) 

Wishing to know the height of Ben-Nevis, in Inverness- 
shire, I took as a base the distance between two points, g and 
K, on the same horizontal plane, which was ascertained to be 
2^ miles, and at k I found the vertical angle pko to be 16° 
25', and the horizontal angle okg to be 22° 12'; also at the 
other end of the base g, the horizontal angle was 104° 25'. 
What was the height of the mountain? 



To find OK. 

As sin. GOK 53° 23' . 9-9045230 

Is to sin. OGK 104<) 25' 9.9861045 

So is GK 12320 . . * 4.0906107 



To OK 14866 



14.0767152 
4.1721922 



To find PO. 

As sin. OPK 73° 35' . 9.9819236 

Is to sin. PKO 16° 25' 9-4512037 

So is OK 14866 . . 4.1721922 



To PO 4380 



13.6232959 
3.6414723 
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Example XIIL (Fig. 33.) 

Wisbing to know the distance between two hills, c and d, 

I measured a base, ab, 735 feet; at one end of the base, a, the 

angles subtended by the other end, and each of the hiUs, were 

CAD, 63^ 30% DAB 35^ 10^; and at the other end of the base 

B, the conresponding angles were dbc 80° 16% cba 28° 20\ 

What is the oistance between c and d? 

To find AD. 

As sin. ADB 36^ 14^ . 9.7716426 

Is to 8iB_. ABO lOQo 36' 9.9767022 

So is AB 735 . . . 2.8662873 



To find AC. 
As sin. ACB, 53^ . . 99023486 
Is to sin. ABC, 2B0 20" 9.6763281 
So is AB 735 . . . 2.8662873 



12.5426154 
To AC 436.784 . . 2-6402668 

To find angle adc. 
As AD -f- AC 1615.33 3.2082613 
Is to AD— AC 741.77 2.8702693 
Soistan.Kc+D)58o 15" 10.2084365 



12.8429895 
3.0713469 



To AD 1178.55 . . 
To find CD. 
As sin. ADC 21© 40^ 19" 9.5673696 
Is to sin. CAD 630 3(y 9.9517912 
So is AC 436-784 . . 2.6402668 



To CD 1058.49 



12.5920580 
3.0246884 



13.0787058 
To tan. J(c-d)36o 34^41" 9.8704445 

ADC =ss 21040'19" 

EXAMPLB XIV. (Fig. 34.) 

Wishing to know the distance between three hills, c, d and e, 
I measured a base line, ab, 2500 feet, and at a, one extremity 
of the base, found the angles subtended by the other extremity, 
and each of the hills to be 112^ 36', 87° 24', and 33° 40' re- 
spectively ; at B, the other extremity of the base, the corres- 
ponding angles were 108° 20', 54° 16', and 32° 8'. Requir- 
ed the distances cd, de, and cs ? 

In the triangle abd. 
To find AD. 
As sin. ADB 380 20* . 9.7925566 



In the triangle abc. 

To find AC. 

As sin. ACB 350 16' . 9.7614688 

Is to sin. ABC 32^ 8' . 9.7258229 

So is AB 2500 . . . 3.3979400 



Is to sin. ABD 540 16' 99094190 
So is AB 2500 . . . 3.3979400 



To AC 2303 . 



13.1237629 
33622991 



In the triangle acd. 

To find an^e adc. 
AsAD+Ac5575 . . 3.7462449 
Is to AD^AC 969 . . 2.9863238 
Soistan.i(c+D)77°24' 10.6506710 

136369948 
To tan. J(c-d) 37° 52' 9.8907499 

ADC = 390 32' 



To AD 3272 



13.3073590 
3.5148024 



In the triangle acd. 
To find CD. 
As sin. CDA 390 32^ . 9.8038168 
Is to sin. DAC 25c> 12' . 9.6291845 
So is AC 2303 . . . 3.3622991 



To CD 15405 



12.9914836 
3.1876668 
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In the triangle abe. 
To find AS. 
As ^n. AEB 380 , . 9.7893420 
Is to sin. ABE 108O 20^ 9.9773772 
So is AB 2500 . . . 3.3979400 



To AE 3854.6 . 



13.3753172 
3.S859752 



In the triangle aed. 

To find angle aed. 
As AE-I-AD 7126.6 . 3.8528824 
Is to AE — AD 582.6 , . 2.7653705 
Soistan.j^(D-|-E)6308' 10.2953368 



13.0607073 
To tan. J (d— e) 9^ 10' 9.2078249 



AED == 53« 58^ 

In the triangle aed. 

To find de. 

As sin. AED 530 58' 9-9077740 

Is to sin. DAB 530 54' 9.9074059 

So is AD 3272 . . 3.5148024 



To DB 3269.2 

In the trian^e aec. 

To find an^e aec. 

As AS+Ac 61576 . -3.7894115 

Isto AE_AC 15516 . 3.1907798 

Soistan. J (c+e)50° 32' 10-0844104 

13.2751902 
To tan. J (c-^) H** 1' 9.4857787 



AEC = 33* 31' 



13.4222083 
3.5144343 

In the triangle eac. 
To find CE. 
As sin. AEC 33<> 31' . 9.7420803 
Is to sin. CAE 78<^ 56^ 9.9918480 
So is AC 2303 . . . 3.3622991 



To CE 4093.2 



13.3541471 
3.6120668 



Example XV. (Fig. 35.) 

In a survey of part of a coast, it was thought necessary to 
verify the base line cd, which had been measured. The fol* 
lowing was the method adopted : — There were two liills, a and 
By whose distance had already been ascertained to be 5^ miles; 
at each end of the base line the following angles were taken: 
ACS 18° 15', BCD 125° 20', cda 22° 12', adb 18° 36'. Re- 
quired the length of en? 

Assume the required side cd, equal to 1 or any other con- 
venient number, and from this assumed base and the given 
angles calculate the length of ab. Then, as the value of ab 
thus found is to its true value, so is 1 to the true value of cd. 

CALCULATION BY LOGARITHMS. 



lo the triangle acd. 
To find AC. 



As sin. CAD 14<^ 13' 
Is to sin. ADC 22<> 12' 
So is CD« 1. . . . 



To AC 15385 



9.3902096 
9.5773088 
0.0000000 

9.5773088 
0.1870992 



In the triangle bcd. 
To find Bc. 
As sin. GBD 130 52' . 9.3796015 
Is to sin. BDc 40<^ 48' 9.8151928 
So is CD .1 . . . . O'OOOOOOO 



To CB 2-7264 . 



9.815^1928 
0.4355913 
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In the triangle cab. 

To find an^e cba. 

As BC-I-CA 4.2649 . 0.6299089 

Is to Bc— CA 1.1879 . 0.0747799 

So is tan. i(A+B) 80^52/ 

30" 10-7933894 



10.8681693 
To tan.KA-B)59058'58" 10.2882604 



In the triangle cba« 

To find AB. 

As sin. CBA 20^ 53' 32^^ 9.5521949 

Is to sin. ACB 180 15' 9.4957716 

So is AC 1.5385 . . 0.1870992 



ToAB 1.3511 



9.6828708 
0.1306759 



CBA = 20O 53^ 32^' 

1-351 1 : 5*5 : : 1 : 4-07 = true value <rf ab. 

Example XVI. 

At the distance of 36 feet from the bottom of a wall, the 
angle of elevation of its top was 62° 40'. What was the height 
of the wall, and the len^h of a ladder that would reach from 
my station to the top of the wall ? 

Ans. Height of wall, 69*64* 
Length of ladder, 78*4* 

Example XVII. 

A ladder 30 feet long can be so placed that it shall touch a 
point 16 feet from the ^ound, on the wall of a house on one 
side of the street, and, by turning it roimd without moving its 
foot out of the place, it will reach a point which is 20 feet from 
the ground on the wall of a house on the opposite side of the 
street. Required the breadth of the street? 

Ans. 47-73 feet. 

Example XVIII. 

What is the height of a tower whose angle of elevation is 
52° 30% at the distance of 170 feet from the bottom, the 
height of the eye being 5 feet? Ans. 226*55 feet. 

Example XIX. 

A steeple 87 feet hig^h casts a shadow 135 feet long upon 
the ground. What is t£e sun's altitude at the time ? 

Ans. 32° 48'. 

Example XX. 

To find the heig^ht of a tower standing upon a slope, I mea- 
sured down the slope from the bottom of the tower 104 feet, 
and found the angle contained by the horizontal plane and a 
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line to the bottom of the tower to be 7° 30% and also the anrie 
contained by the horizontal plane and a line to the top of me 
tower to be 44° 10'. What was the height of the tower, sup- 
posing the height of the instrument to be 5^ feet? 

Ans. 92«079 feet. 

Example XXI. 

Being on a horizontal plane, and wishing to know the height 
of an eminence whose base was inaccessible, I took two sta- 
tions, distant from each other 340 feet, and in the same vertical 
plane with the object. At the station nearest the eminence the 
angle of elevation of its summit was 52° 25% and at the other 
station the angle of elevation was 40°. What was the height 
of the eminence? Ans. 805*47 feet. 

Example XXII. 

A base of 320 feet was measured on the sloping side of a 
hill, in a vertical plane passing through its summit, which 
made with the horizontal plane an angle of 1 1°. At the higher 
end of the base the elevation of the hill was 61° 20', and at 
the other end the an^le of elevation was 35° 30'. What was 
the height of the hul above the lower end of the base, the 
height of the instrument being 5 feet? Ans. 333*264 feet. 

Example XXIII. 

Being on a horizontal plane, and wishing to know the height 
of a tower placed on the summit of an inaccessible hill, I took 
the angle of elevation of the top of the hill 39° 20'; then mea- 
suring in a line directly from it to the distance of 340 feet, I 
found the angle to the top of the hill to be 25° 10', and to die 
top of the tower 30° 50'. What was the hek^ht of the tower? 

Am. 101*255 feet. 

Example XXIV. 

At the top of a tower which stood on the sea-shore, whose 
height was 89 feet, the angle of depression of a ship at anchor 
was 18° 52', and at the bottom of the tower its depression was 
13° 20'. Required the height of the bottom of the tower above 
the level of the sea, and the horizontal distance of the vessel. 

Ans. 201*42, height of the bottom of the tower. 
849*87, distance of the vessel. 

Example XXV. 
Wishing to know the height of, and my distance from, an 
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objeet on die otker side of a river whidb seemed to be on a 
level vnih the place where I stood, close by the side of the 
rivar,. and not having v^m to measure backward on the same 
plane because of the immediate rise of the bank, I placed a 
nuork where I stood, and measured in a direction from the ob- 
ject up the ascending ground to the distance of 270 feet, where 
I was evidently above the level of the top of the object; there 
the angles of depression were found to be, of the mark left at 
the river side 45^ 55% of the bottom of the object 21^10% and 
0£ its top 4^ 53^ What was the height of the object, and the 
distaxiee of the mark from its bottom? 

Ana. 151*15, height of the object. 
313«05, distance of liie mark. 

Example XXVL 

Being required to ascertain the height of a tower which 
stood on the summit of a hill, and being prevented by the in- 
equalities of the ground from taking a base in a direct line with 
the hill, I measured one of 450 feet in front of it. At one 
extreButy of this base the elevation of the summit of the hill 
was 32** 12', of the top of the tower 27°, and the angle con- 
tained by a line to the top of the tower and the other extremity 
of the base was 66® 30' ; at the other end of the base the angle 
contained by lines to die top of the tower and to the first sta- 
tion was 90° 34'. Required the height of the tower, and the 
height of the hill above the first station? 

Ans. 83*266, height of the tower. 
541.004, height of the hill. 

Example XXVII. 

Being on the side of a river, I observed a tree close to the 
opposite bank, and having measured a base of 528 feet in a 
straight line by the side of the river, at each end of it I took 
the horizontal angles formed between the tree and the other 
end of the base; mese angles were 47° 30' and 70® 12'. Re- 
qusred the distance of the tree from each end of the base, and 
also- the perpendicular breadth of the river? 

An8. 561*09, distance from one end of base. 

439*67, distance from other end of base. 

413*68, perpendicular breadth of river. 

Example XXVIII. 

Wanting to know the length of a sheet of water, I took a 
station inland, from which a straight line could be measured 
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to each extremity oithe water, and there found the horizontal 
angle contained by these lines to be 77^ 10^; the distance of 
the station from the extremities of the piece of water being 
471 and 453 feet. Required the length of the water? 

Ans. 576«43 feet. 

Example XXIX. 

Wishing to know the distance between two inaccessible ob- 
jects, I measured a base line of 480 feet, and at each end of 
it took the angles contained by the other end and each of the 
objects; these angles were, at the one extremity of the base, 
82° 30' and 38° 5', and at the other extremity, 99° 30' and 
41° 25'. What was the distance between the objects? 

Ans. 505-34 feet. 

Example XXX. 

To find the distance between two headlands, there was mea- 
sured a base of 485 yards, and at the one extremity of it the 
angles, subtended by the other extremity and each of the head- 
lands, were 50° 20' and 95° 20'; at the other end of the base 
the corresponding angles were 53° 30' and 98° 45'. Required 
the distance between the headlands? Ans. 775*66 yards. 

Example XXXI. 

A ship from latitude 42° 25' N. sails N.W. by N. 260 
miles. Required the latitude in and departure from the meri- 
dian? Ans. 45° 31' N. latitude in. 

144:45 miles, departure from meridian. 

Example XXXII. 

Travelling through a level country, I observed a church 
which bore from me N.W, by N., and after having gone 
5- miles in a N.N.E. direction, the same church bore from me 
W.S.W. What was my distance from the church at each 
observation? Ans. 3-6 miles from first station. 

4*2 miles from second station. 

Example XXXIII. 

From a ship at sea, a headland was observed to bear N.E. 
I E., and after sailing 1 J miles N.W. by N. ^ W. it bore E. 
by N. J E. Required the distance of the headland from each 
station? Ans. 2«274 miles from first station. 

2»648 miles from second station. 
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Example XXXIV. 

Coasting along the shore, two headlands were observed, the 
first of wEch bore N.N.W. and the second N.N.E. | E.; 
then steering E. by N, i N, 12 miles, the first headland bore 
W.N. W., the second N.W. by N. J W. Required the bearing 
and the distance of the two headlands from each other? 
Ans. 10*43 miles, distance of headlands. 

S. 87° r W., or W. by S. f W. nearly, the bearing 
of the first headland from the second. 

Example XXXV. 

Wanting to know the height of an object on the top of a 
hill, and sSso its distance from the place where I stood, I mea- 
sured a base of 630 feet up sloping ground, which was inclined 
to the horizon at an angle of 9° 30'. At my first station, the 
angle of elevation was 5° 34', and the horizontal angle con- 
tained by lines to the centre of the hill and the other extremity 
of the base was 64° 10'; at the second station the horizontal 
angle was 76° 17'. What was the height of the object and its 
distance from the first station? 

Ans. 196*5 feet, the height of the object. 
948 feet, distance from first station. 



OF TERRESTRIAL REFRACTION. 

It has been established by experiment, that a ray of lights 
passing from a rarer to a denser medium, is bent out of the 
rectilineal direction towards the denser medium. Rays, there- 
fore, proceeding from any of the heavenly bodies, as they fall 
obliquely upon the atmosphere by which the earth is sur- 
rounded, do not reach the eye in a straight direction, but are 
bent downwards in lines nearer to a perpendicular from the 
place of the observer, or nearer his zenith, than they would be 
if the atmosphere were removed. The effect produced by this 
bending of the line in which the rays enter the eye, is to make 
the object appear higher than it really is; and hence it is ne- 
cessary to make a deduction from the observed altitude to 
get the true altitude of the body. This incurvation of the 
ray is called refraction, which is greater the nearer the bodies 
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are to the horizon, and diminishes as the altitude increases. 
When the object is in the zenith there is no refraction. 

To explain the nature of refraction, let ab (fig. 36) be a 
portion of the earth's surface, gh the upper boundary of the 
atmosphere, s a star, p the place of the observer, and z his 
zenith. The atmosphere may be considered as composed of 
a great number of thin strata of air of different densities, the 
densities being greater the nearer they are to the surface of the 
earth. Let ef, cd, represent the boundaries of these strata; 
then a ray of light will proceed from the star s in a straight 
line until it arrive at the point k, where it enters the denser 
medium contained between gkh and elf. It will then no 
longer pursue its direction skn, but will be deflected in the 
direction kl. At the point l it enters a still denser medium, 
contained between elf and cmd, and will be again deflected 
from its direction klo, and will now proceed in the direction 
LH. Similar effects will be produced, whatever be the num- 
ber of media through which the ray passes, and it will at 
length reach the point p, in the line mp. Hence the ray, in- 
stead of being a straight line, is broken into parts kl, lm, mp; 
and if we suppose the media through which it passes to be in- 
definitely increased, and their boundaries to approach each 
other by spaces extremely small, the parts kl, lm, mp, may 
be considered as curvilinear, and the course of the ray a curve 
line, as sbp (fig. 37), where p is the place of the observer, 
HPN his horizon, z the zenith, and s a star. In this case, 
the ray is no longer considered as passing through different 
strata of variable density, but througn a medium of continually 
varying density, such as the atmosphere of the earth, whose 
density is greatest at its surface, and decreases towards the 
higher regions. In passing through such a medium, a ray of 
light will be deflected into a curve line, concave towards the 
earth's surface, and will enter the eye of the observer in the 
direction of a tangent to that curve. A ray from the star s 
will, therefore, not proceed in the straight line sp, but in the 
direction of the curve line sbp ; and to the observer at p, the 
star s will appear as if at s' in the direction of a straight line, 
which touches the curve at p. The angle spn is, therefore, 
the apparent altitude of the star, and the angle spn its true 
altitude: their difference, the angle s'ps, will consequently be 
the refraction. 

Similar effects take place with regard to the rays of light by 
which terrestrial objects are rendered visible. In their passage 
through the atmosphere, they are bent out of their rectilineal 



36 A TREATISE ON 

direction, and enter the eye of the observer in a curve line, so 
that the apparent or observed altitude of an object is always 
greater than its true altitude. This refraction is called ter- 
restrialj to distinguish it from that which affects the heavenly 
bodies. 

In measuring the heights of objects which are at a consi- 
derable distance, or near the horizon, where great accuracy 
is required, it is always necessary to make an allowance for 
the effects of refraction; but it is difficult to determine the 
exact quantity of refraction at any given time, as it is not 
constant at the same elevation and distance, but continually 
changes according to the state of the atmosphere, being less 
in dry and warm weather than when the atmosphere is satur- 
ated with moisture, and consequently more dense. This change 
is so great, that at a distance of 8 or 10 miles it is found to 
vary from 30 seconds to 2 minutes. The tables of refraction 
usually given in nautical works, are calculated at a mean rate 
for the British channel, the barometer being at 29^ inches, 
and Fahrenheit's thermometer at 50 degrees. 

The following method will shew how the refraction may 
be foimd in any case : — 

Let A and b (fig, 38) be two stations, c the centre of the 
earth, and ss the arc of the earth's circumference intercepted 
between the stations; draw lines ca, cb; from a and b draw 
AG, BH, at right angles to ac, cb meeting ca, cb, produced in 
G and h; then ag and bh will be the horizontal lines at a and 
B. Let a and h represent the apparent places of the objects 
A and B, then the angle ba& is the refraction at a, and Asa 
that at B ; and these will be nearly equal, if the angles be ob- 
served at the same instant, whicn may be done by watches 
previously regulated for that purpose, or by signals made at 
one station, so as to be seen from the other. Hence, half the 
stmi of the angles ba6, ABa will be the refraction. 

In the quadrilateral figure acbo, since the angles at a and 
b are right angles, the angles aob, acb, are together equal to 
two right angles; but the angles aob, gab, oba of the triangle 
AOB, are together equal to two right angles; therefore, me 
angles aob and acb are together equal to the angles aob, 
OAB, OBA. Take away the common angle aob, and there 
remains the angle acb, or the arc ss, equal to the angles oab, 
OBA. If, now, the sum of the two depressions, or the angles 
HBfl, ga6, be taken from the sum of the angles oba, oab, or 
the angle c, the remainder is the sum of both refractions, or 
the angles ba6, Asa; therefore, the refraction is equal to 
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half the difference between the sum of the two depressions^ and 
the arc of the earth* s circumference intercepted between the 
stations. 

It has been supposed, in the above demonstration, that each 
of the objects is depressed below the horizon of the other; but 
if one of them be elevated instead of depressed, it may be shewn 
in a similar manner, that the refraction is half the difference 
between the depression and the sum of the intercepted arc and 
elevation* 

To apply these rules, it is necessary that the distance be- 
tween the places of observation should be known suflBdently 
near to give the arc intercepted between the stations true, to a 
very few seconds of a degree. When the distance between the 
stations is given in feet, the corresponding arc on the earth's 
surface may be found by dividing the given number by 6094^. 

Example. 

In the British Trigonometrical Survey, on Wisp Hill and 
Cross Fell are two stations in a triangle, which connects the 
north of England with the borders of Scotland. Their dis- 
tance is computed at 235018*6 feet, which corresponds on the 
surface of the earth to an arc of 38' 33'''7- From Cross FeU, 
Wisp Hill was seen depressed 30' 48" below the horizon, and, 
from the latter place, tne former was foimd to have a depres- 
sion of 2' 31". Required the refraction? 

Depression of Wisp Hill, 30' 48" 
Depression of Cross Fell, 2' 31" 



Sum 33' 19" 



Intercepted arc, 38' 33".? 
— 33' 19" 



Difference, . 5' 14".? 

Half difference, 2' 37".3 = refrac. 



Besides the refraction, it is necessary to correct the observed 
angle on account of the earth's curvature, in estimating the 
dinerence between the heights of two stations which are at a 
considerable distance from each other. This may be explained 
in the following manner : — 

Let A and b (fig. 39) be two stations, c the centre of the 
earth, and ss the arc of the earth's circumference intercepted 
between the stations; draw ca cb, and from a draw the hori- 
zontal line AH, at right angles to ac and meeting cb, produced 
in h; make cd equal to ca, and join ab, ad; — ^then, because 
the points a and d are at the same height above the sur&ce 
of the earth, bd is the difference between the heights of the 
stations a and b. 

In the isosceles triangle acd, the sum of its angles cad, adc, 
ACD is equal to two right angles; but cad and adc are equal; 
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therefore the sam of 2 cad and acd is equal to two right 
angles, and cad together with ^acd, is equal to one right 
angle; but cah is a right angle, therefore cah is equal to cad 
together with ^acd; and taking away the common angle cad 
there remains die angle had, equal to ^acd; hence the angle 
BAD is equal to the difference between ^acd, or the arc ss and 
HAB — ^that is, when b is below the horizon, as seen from a, the 
vertical angle, corrected for the earth's curvature, will be the 
excess of half the intercepted arc above the apparent depres- 
sion. If the station b be above the horizon, the corrected 
vertical angle will be the sum of the apparent elevation and 
half the intercepted arc. The angle bad being thus found, 
the side bd may be computed ; — ^for in the triangle bad the 
angle bda may be considered a right angle, which it is very 
nearly, and the side ad is known, being the distance between 
the two stations; therefore (Trig, case ii. of right-angled tri- 
angles). 

As radius 

Is to tan. BAD, 

So is AD 

To BD. 

Example. 

In the British Trigonometrical Survey, the distance between 
the stations on Wisp Hill and Cross Fell was found to be 
235018-6 feet, which corresponds to 38' 33".? on the earth's 
surface. From Wisp Hill, Cross Fell appeared depressed be- 
low its horizon 2' 31"; but, by a corresponding observation 
at the other station, the error arising from refraction was esti- 
mated, as in last example, at 2' 37''«3- Required the diffe- 
rence between the height of the stations ? 

Observed Depression of 

Cross Fell, . . 2' 31" 
Refraction, . . -|- 2' 37".3 



Half-intercepted arc, . W 16".8 
Apparent Depression, 6^ 8".3 



Apparent Depression, . 5' 8". 3 

As radius . . ICOOOOOOO 
Is to tan. 14' 8".5 7-6142291 
So is 235018.6 5.371 1022 



Cor. vertical angle, . 14' 8".5 



12.9853313 
10.0000000 



To 9668 2.9853313 

Hence the difference between the height of the station on 
Cross Fell above that on Wisp Hill is 966-8 feet. 



DESCRIPTION OF INSTRUMENTS- 



THE THEODOLITE. 

As an angular instrument^ the theodolite has, from time to 
time, received such improvements that it may now be consi- 
dered as the most valuable instrument employed in surveying. 
Instruments of this kind, of the best construction, may, to a 
certain extent, be used as altitude and azimuth instruments ; 
and several astronomical operations, such as those required for 
determining the time, the latitude of place, &c., may be per- 
formed by them, and to a degree of accuracy suflScient for most 
of the purposes that occur in the ordinary practice of a sur- 
veyor. 

This instrument (as represented in fig. 40) consists of two 
circular plates, a and b, called the horizontal limb, the upper, 
or vernier plate, a, turning freely upon the lower, and both 
have a horizontal motion by means of the vertical axis c. This 
axis consists of two parts, external and internal, the former se- 
cured to the graduated limb b, and the latter to the vernier 
plate A. Their form is conical, nicely fitted and gp-ound into 
each other, having an easy and very steady motion; the exter- 
nal centre also fits into a ball at d, and the parts are held to- 
gether by a screw at the lower end of the internal axis. 

The diameter of the lower plate is greater than that of the up- 
per one, and its edge is chamfered oflF and covered with silver, 
to receive the graduations. On opposite parts of the ec^e of the 
upper plate, or 180 degrees apart, a short space, a, is also cham- 
fered, forming with the edge of the lower plate a continued in- 
clined plane. These spaces are likewise covered with silver, and 
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form the verniers. The lower limb is usually graduated to 
30 minutes of a degree, and it is subdivided by me vernier to 
single minutes, which being read oflF by the microscope e, half, 
or even quarter minutes, can easily be estimated. 

The parallel plates f and g are held together by a ball and 
socket at d, and are set firm and parallel to each other, by 
four milled-headed screws, three of which, 6, ft, b, are shown in 
the figure. These turn in sockets fixed to the lower plate, 
while their heads press against the under side of the upper 
plate, and being set in pairs opposite each other, they act in 
contrary directions. Tne instrument by this means is set up 
level for observation. 

Beneath the parallel plates is a female screw adapted to the 
stafiPhead, which is connected by brass joints to three maho- 
gany legs, so constructed, that when shut up they form one 
round staff, secured in that form for carriage by rings put on 
them; and when opened out they make a very firm stand, be 
theground ever so imeven. 

Tne lower horizontal limb can be fixed in any position by 
tightening the clamping screw h, which causes the collar c to 
embrace the axis c, and prevents its moving; but it being re- 
quisite that it should be fixed in some precise position more 
exactly than can be done by the hand alone, the whole instru- 
ment, when thus clamped, can be moved any small quantity 
by means of the slow motion screw i, which is attached to the 
upper parallel plate. In like manner, the upper oar vernier 
plate can be fixed to the lower in any position, by a clamp 
(in the plate this clamp is concealed from view), which is 
also furnished with a slow motion, the screw of which is gen- 
erally called the tangent screw. The motion of this limb 
and of the vertical arc, hereafter to be described, is sometimes 
effected by a rack and pinion; but this is greatly inferior, where 
delicacy is required, to the slow motion produced by the clamp 
and tangent screw. 

Upon the plane of the vernier plate, two spirit levels, cf, </, 
are placed at right angles to each other, with their proper ad- 
justmg screws: their use is to determine when the norizontal 
limb is set level. A compass also is placed at j. 

The frames k and l support the pivots of the horizontal axis 
of the vertical arc (or semicircle) m, on which the telescope is 
placed. The arm which bears the microscope n, for reading 
the altitudes or depressions, measured by the semicircle, and 
denoted by the vernier e, has a motion of several degrees be- 
tween the bars of the frame k, and can be moved before the 
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&ce of the vernier for reading it off. Another arm clamps the 
opposite end of the horizontal axis by turning the screw o, 
and has a tangent screw of slow motion at p, by which the 
vertical arc and telescope are moved very small quantities up 
or down, to perfect the contact when an observation is made. 

One side of the vertical arc is inlaid with silver, and divid- 
ed to single minutes by the help of its vernier; and the other 
side shows the difference between the hypothenuse and base of 
a right-angled triangle, or the number of links to be deducted 
from each chain's length, in measuring up or down an inclined 
plane, to reduce it to the horizontal measure. The level, which 
IS shown under and parallel to the telescope, is attached to it 
at one end by a joint, and at the other by a capstan-headed 
screw, ^ which being raised or lowered, mil set the level pa- 
rallel to the optical axis of the telescope, or line of collimation; 
the screw, g, at the opposite end, is to adjust it laterally for true 
parallelism in this respect. The telescope has two collars or 
rings, of bell metal, ground truly cylindrical, on which it rests 
in its supports, M, called y's, from their resemblance to that 
letter; and it is confined in its place by the clips, «, t, which 
may be opened by removing the pins, j, j, for the purpose of 
reversing the telescope, or allowing it a circular motion round 
its axis during the adjustment. 

In the focus of the eye-glass are placed three lines, formed 
of spider's web, one horizontal, and two crossing it, so as to 
include a small angle between them — a method of fixing the 
wires which is better than having one perpendicular wire, be- 
cause an object at a distance can be made to bisect the said 
small angle with more certainty than it can be bisected by a 
vertical wire. The screws adjusting the cross wires are shown 
at m. There are four of these screws, two of which are placed 
opposite each other, and at right angles to the other two, so 
that by easing one and tightening the opposite one of each 
pair, the intersection of the cross wires may be placed in ad- 
justment. 

The object glass is thrust outwards by turning the milled- 
head, q, on the side of the telescope, that being the means of 
adjusting it to show an object distinctly. 

A brass plummet and line are packed in the box with the 
theodolite, to suspend from a hook under its centre, by which 
it can be placed exactly over the station from whence the ob- 
servations are to be taken; likewise, if required, two extra 
eye-pieces for the telescope, to be used for astronomical obser- 
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vations; the one inverts the object, and has a greater magni- 
fying power, but, having fewer glasses, possesses more light; 
tne other is a diagonal eye-piece, which will be found extreme- 
ly convenient when observmg an object that has a consider- 
able altitude; the observer avoiding the unpleasant and pain- 
ful position he must assume in order to look through the tele- 
scope when either of the other eye-pieces is applied. A small cap 
containing a dark-coloured glass is made to apply to the eye- 
end of the telescope, to screen the eye of the oMcrver £rom the 
intensity of the sun's rays, when that is the object under ob- 
servation. A magnifying glass, mounted on a horn-frame, a 
screw-driver, and a pin to turn die capstan-«crews for the ad- 
justments, are also furnished with the instrument. 



THE ADJUSTMENTS. 

The first adjustment is that of the line of collimation; that 
is, to make the intersection of the cross wires coincide with 
the axis of the cylindrical rings on which the telescope turns. 
It is known to be correct, when an eye looking through the 
telescope observes their intersection continue on the same 
point of a distant object during an entire revolution of the 
telescope. The usual method of making this adjustment is as 
follows: — 

First, make the centre of the horizontal wire coincide with 
some well-defined part of a distant object, then turn the tele- 
scope half round in its y's till the level lies above it, and ob- 
serve if the same point is again cut by the centre of the wire; 
if not, move the wire one-half the quantity of deviation, by 
turning the screws at m (releasing one before tightening the 
other), and correct the other half by elevating or depressing the 
telescope. Now, if the coincidence of the wire and object re- 
mains perfect in both positions of the telescope, the line of 
collimation, in altitude or depression, is correct; but if not, the 
operation must be repeated carefully, until the adjustment is 
satisfactory. A similar proceeding will also put uie vertical 
line correct, or rather the point of intersection, when there 
are two oblique lines instead of a vertical one. 

The second adjustment is that which puts the level attach- 
ed to the telescope parallel to the rectified line of collimation. 
The clips, i, f , being open, and the vertical arc clamped, bring 
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le air bubble of tlie level to tlie centre of its glass tube, by 
iming the tangent screw p ; which done, reverse the tele^ 
ope in its y's, that is, turn it end for end, which must be 
)ne carefully, that it may not disturb the vertical arc, and if 
e bubble resume its former situation in the middle of the 
be, all is right; but if it retires to one end, bring it back 
le-half by the screw, ^ which elevates or depresses that end 

the level, and the other half by the tangent screw, p. This 
ocess must be repeated until the adjustment is perfect; but 

make it completely so, the level should be adjusted later- 
y, that it may remain in the middle of the tube, when in- 
ned a little on either side from its usual position imme- 
itely under the telescope, which is effected by giving the 
'^el such an inclination, and, if necessary, turning the two 
eral screws at g. If making the latter adjustment derange 
3 former, the whole operation must be carefully repeated. 
The third adjustment is that which makes me azimuthal 
is, or axis of the horizontal limb, truly vertical. 
Set the instrument as nearly level as can be done by the 
3, fasten the centre of the lower horizontal limb by the staff- 
id clamp, H, leaving the upper limb at liberty, but move it 

the telescope is over two of the parallel plate screws; then 
ng the bubble of the level under the telescope, to the mid- 

of the tube, by the screw, p; now turn the upper limb 
f round, that is 180°, from its former position; then, if the 
3ble returns to the middle, the limb is horizontal in that 
3ction ; but if otherwise, half the difference must be cor- 
ted by the parallel plate screws over which the telescope 
, and half by elevating or depressing the telescope, by tum- 

the tangent screw of the vertical arc; having done which, 
>nly remains to turn the upper limb forward or backward 
, that the telescope may lie over the other two parallel plate 
jws, and by their motion set it horizontal. Having now 
iUed the limb plates by means of the telescope level, which 
ie most sensible upon the instrument, the otner air bubbles 
d upon the vernier plate may be brought to the middle of 
r tubes, by merely giving motion to the screws which fas- 
them in their places. 

The vernier of the vertical arc may now be attended to. 
3 correct if it points to zero when all the foregoing adjust- 
its are perfect; and any deviation in it is eaSly rectified, 
eleasing the screws by which it is held, and tightening 
n again after having made the adjustment: or, what is per- 
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haps better, note the quantity of deviation as an index error, 
and apply it, plus or minus, to each vertical angle observed. 
This deviation is best determined by repeating the observa- 
tion of an altitude or depression in the reversed positions, both 
of the telescope and the vernier plate; the two readings will 
have equal and opposite errors, one half of their difference be- 
ing the index error. Such a method of observing angles is 
decidedly the best, since the mean of any equal number of ob- 
servations, taken with the telescope reversed in its y's, must 
be free from the effects of any error that may exist in the ad- 
justment of the vernier or zero of altitude. 

The theodolite, as constructed in the manner described, is 
not inconveniently heavy, as the diameter of the horizontal 
limb seldom exceeds five inches; but when the diameter is in- 
creased, the other parts must be made proportionally large and 
strong, and the instrument becomes too weighty and cumber- 
some to be easily carried from station to station. The object 
of increasing the dimensions, is to enable the instrument to 
furnish more accurate results, by applying a telescope of greater 
power, and by a more minute subdivision of the graduated 
arcs. With the increase of size, a small variation takes place 
in the construction, principally consisting in the addition of a 
second telescope, and in the manner of attaching the supports, 
K and L, to tne horizontal limb, to afford the means of ad- 
justing the horizontal axis, and of coinrse making the tele- 
scope and vertical arc move in a vertical plane. In the smaller 
instruments this is done by construction; but in the larger 
ones, the supports, k and l, are attached to a stout frame, 
which also carries the compass-box, instead of being fixed, as 
represented in the figure to the upper horizontal plate. The 
fr^ime is attached to the limb by three capstan-headed screws, 
forming an equilateral triangle, two of them lying parallel to 
the horizontal axis, and the third in the direction of the tele- 
scope: the adjustment is made by means of these screws. To 
prove its accuracy, set up the theodolite in such a situation 
that some conspicuous point of an elevated building may be 
seen through the telescope, both directly and by reflection, 
from a basin of water, or, what is better, of oil or quicksilver. 
Let the instrument be very correctly levelled, and if, when a 
vertical motion is given to the telescope, the cross wires do not 
cut the object seen, both directly and by reflection, it is a proof 
that the axis is not horizontal; and its correction is effected 
by giving motion to the screws above spoken of, which are at 
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ight angles to the telescope, or in the direction of the hori- 
ontal axis. The third screw, or that which is under the tele- 
^ope, serves for adjusting the zero of altitude, or vernier of 
le vertical arc. 

A second telescope is sometimes attached to the instrument 
eneath the horizontal limb: it admits of being moved, both 
I a vertical and horizontal plane, and has a tangent screw 
:tached for slow motion. Its use is to detect any accidental 
3rangement that may occur to the instrument whilst obser- 
g, which may be done by it in the following manner: — After 
veiling the instrument, bisect some very remote object with 
le cross wires of this second telescope, and clamp it firm. If 
e instrument is steady, the bisection will remam permanent 
[lilst any number of angles are measured, and by examin- 
g the bisection from time to time during the operation at 
e place where the instrument is set up, any error arising 
)m this cause may be detected and rectified. 
At the suggestion of Captain Everest, surveyor-general of 
dia, severS small theodolites, differing considerably in con- 
uction from the one *last described, have lately been made 
Messrs Troughton and Simms, for the great Indian sur- 
y. In principle, they are similar to the theodolites of much 
ger dimensions, and, consequently, the whole of their essen- 
I adjustments are made in the same manner. Their use 
1 adjustments must, therefore, be understood as equally ap- 
3able to the larger theodolites, which are usually employed 
extensive trigonometrical operations. 

The horizontal circle (or limb) of this instrument consists 
one plate only, which, as usual, is graduated at its circum- 
inee. The index is formed with four radiating bars, having 
liers at the extremities of three of them for reading the 
Lzontal angles, and the fourth carries a clamp to fasten the 
;x to the edge of the horizontal limb, and a tangent screw 
slow motion. These are connected with the upper works 
ch carry the telescope, and, turning upon the same centre, 
V any angle through which the telescope has been moved. 
; instrument has also the power of repeating the measure- 
t of an angle; for the horizontal limb being firmly fixed 
centre, moveable within the tripod support, and governed 
, clamp and tangent screw, can be moved with tne same 
racy, and secured with as much firmness, as the index 
e it. Large theodolites, when required, have the power 
3peating given them, by means of a particular kind of 
], called a repeating table. 
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The tripod support, which forms the stand of the instrument, 
has a foot screw at each extremity of the arms which form the 
tripod. The heads of the foot screws are turned downwards, 
and have a flange (or shoulder) upon them; so that when they 
rest upon a triangular plate fixed upon the staff-head, another 
plate locks over the flange, and, being acted upon by a spring, 
retains the whole instrument firmly upon the top of the staff, 
which is similar to that of the theodolite represented in fig. 
40. The great advantage of the tripod stand is, that it can 
easily be disengaged from the top of the staff, and placed upon 
a parapet or other support, in situations where the staff cannot 
be used. 

The telescope is mounted in the manner of a transit instru- 
ment, that is, the horizontal axis and the telescope form one 
piece, the axis crossing the telescope about its middle, and 
terminating at each extremity in a cylindrical pivot. The 
pivots rest upon low supports, carried out from tne centre on 
each side by a flat horizontal bar, to which a spirit level is at- 
tached, for adjusting the axis to the horizontal plane. The 
vertical angles are read off on two arcS of circles, which have 
the horizontal axis as their centre, and, being attached to the 
telescope, move with it in a vertical plane. An index, upon 
the same centre, carries two verniers, and it has a spirit level 
attached to it, by which the index can be set in a horizontal 
position, so that whatever position the telescope, and, conse- 
quently, the graduated arcs, may have when an observation is 
made, the mean of the two readings will denote the elevation 
or depression of the object observed from the horizontal plane. 

The following are the adjustments of this instrument: — 
First, To set the instrument level. To accomplish this, bring 
the spirit bubble attached to the horizontal bar in a direction 
parallel to two of the foot screws, and, by their motion, cause 
the air bubble to assume a central position in the glass tube; 
then turn the telescope, level, &c. half round, and if the bub- 
ble is not central, correct half the deviation by raising or low- 
ering one end of the level itself, and the other half by the foot 
screws, which, in this instrument, perform an office similar to 
that of the parallel plate-screws of the theodolite already de- 
scribed. Having perfected this part, turn the telescope a 
quarter round, and the level will be over the third foot screw, 
which must be moved to set the level correct, and this part of 
the adjustment will be complete. 

The line of collimation must be next attended to. Direct 
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llxf tripod MipiKTU mlnch £anii& the stand of die instminent, 
has M tm< «CTW au eacii extremity of die mitu ^liiich form die 
tripod. The head» of iLe fooi screws mxe tamed downwards, 
and hare a A^r^ze or sboiiider) upon them; so that whoi they 
rest apoo a triaixcruiaftj puite fixed uptm die staffJiead, anodier 
piate locks oT«r uie flaiige, and, beiiig acted upcm by a spring, 
ivtaiix the vhttje UHtnuiient finniT upon the tc^ of the staffs 
which » <CTe: lar to that of the theodolite represented in fig. 
*^- The sreat ad^anta^ of the tripod stand is, that it can 
cwiiy be o^^ec^a^red fix»m the top of the stafl^ and placed upon 
a parapet or ociker «.upport, in stuati(»is where the stafiT cannot 
be iwetL 

The c«rjie<o:<ke is mounted in the manner of a transit instru- 
If nt» thai i*^ the horizontal axis and ti^ telescc^ form one 
pitH.-e, the axis crossing the telescc^ about its middle, and 
terminanrg at each extr»nity in a cylindrical pivot. The 
pivots n;*«c upon low supports, carried out from the centre on 
each <flde by a flat horizontal bar, to whidi a sfint level is at- 
CSMJied* ii€ »jjustinf the axis to the horizontal plane. The 
vertical a::^xf» are read off on two arcK cf drdes, which have 
the htmaocial axis as their centre, and, bdng attadied to the 
telescope* iib.>Te with it in a vertical plane. An index, upon 
die same circtre. carries two verniers, and it has a spirit level 
ftttat:hed to ii, by which the index can be set in a horizontal 
poi»tioa» ^ cLix whatever position the telescope, and, conse- 
quentiv* the £T3ri .^ued arcs, may have when an observation is 
made, the mejn o< the two readings will denote the elevation 
or depr«x*s&ioG of ti*e object obsoved from the horizontal plane. 
The 6>L«>wi=^ are the adjustments rf this instrument: — 
First, To ^c the Lastnnnent level. To accomplish this, bring 
the spirit bii^ojle attached to the hcKiiontal ba^ in a direction 
parallel to two of the kv»c screws, ani by thdr motion, cause 
the air buboLe co ^a^s^uxie a central position in the ^lass tube; 
then turn the tcLcscope, leveL &c. IwJf noond, and if the bub- 
ble is not cenOaL cocrev-t hajf the deviation by raising or low- 
ering one end of the Wvei itseii and the other half by the foot 
screws, whidu ia thi iastrumenu perfi^m an office shnilar to 
that of the parallel plate^tews ot the theodolite already de- 
scribed. Having pec*v-ted this part, turn die telescope a 
quarter round, ami die Wvei wiU be oT«r the third foot screw, 
which must be wwd to set d^ level oMnrect, and diis part of 



die adjustment will be eoai{>Ee<ew 

The line of e«l&BatoMi wtst be next attended to. Direct 
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till the needle reads zero, at the same time readine; off the 
izontal limb; then turning the upper plate about, bisect the 
3ct, and read again; the difference between this reading and 

former will be the bearing required. 

n taking angles of elevation or depression, it is scarcely 
essary to add, that the object must be bisected by the ho- 
ntal wire, or rather by the intersection of the wires; and 
', after observing the angle with the telescope in its natural 
ition, it should be repeated with the telescope turned half 
id in its y's, that is, with the level uppermost. The mean 
he two measures will neutralize the effect of any error that 
r exist in the line of collimation. 

^he proof of the accuracy of a number of horizontal angles. 
Ley quite surround the station from whence they are tsScen, 
» add them all together, and their sum, if correct, will be 
°. K they are taken at several stations, consider them as 
internal angles of a geometrical figure, and the lines con- 
ing the stations as the sides of such figure; then, if the 
re has three sides, their sum will = 180°, if four sides, 
60°, if more than four, multiply 90° by double the num- 
of sides, and subtract 360° from the product; the remain- 
will be the sum of the internal angles, 
'he altitude and azimuth of a celestial object may likewise 
bserved with the theodolite, the former being merely the 
a,tion of the object taken upon the vertical arc, and the 
r its horizontal angular distance from the meridian. 



LEVELLING WITH THE THEODOLITE. 

he use of the theodolite as a levelling instrument, consists 
king a series of angles of elevation and depression along 
ine, the section of which is required. This must be done 
ery point where the inclination of the line changes, and 
listance measured between the instrument and the station- 
This distance, it will be evident, is the hypothenuse of 
ht-angled triangle; the perpendicular of wmch is the dif- 
ce of level. To insure accuracy, the angles should be 
•ved both forwards and backwards, by making the instru- 

and staff change places; and a mean of the two measures 
Id be taken as the correct angle. The instrument should 
it up (as nearly as possible) at a constant height from the 
nd, and the staff used for the observations should have a 

vane, or conspicuous mark on it, at exactly the same 

D 
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haght bata tbe grouocl aa the cmtre of the telescope, Mrhich 
n^c must be baaected by the cross-wires in observing. Gre&t 
tare sbould be taken that the Adjustments of the instniBKot 
are correct, more pardculaiiy the line of coUimation, tad the 
level attached to the telescope. 

With the measured distance, and the observed angle, the 
difference of level may be computed, by adding to the lo- 
garithm of the measured distance tbe log. «ne of the rertieal 
angle, and their sum, rejectine; 10 from the index, will be the 
log. of the difference of level (in feet or links, as the distance 
was measured*). Having a series of elevations and deprea- 
Hons, the final difference of level between the extreme, or any 
two stations, may be found by simply taking the difference of 
the sums of tbe intervening elevations and depressions. 



THE SEXTANT. 

Let ABC (fig. 41) represent a sextant, having an index, ag 
(to which is attached a mirror at a), moveable about a as a 
centre, and denoting the angle it has moved through, on the 
arc Bc; also let the half-«ilvered (or horizon) glass, ab, be 
fixed parallel to ac; now a ray of light, sa, from a celestial 
object, s, impinging against the mirror, a, is reflected off at an 
equal angle, and strikmg the half-silvered glass at D, is again 
reflected to e, where the eye likewise receives through the 
transparent part of that glass a direct ray from the horizon. 
Then the altitude, bah, is equal to double the angle, cag, 
measured upon the limb, bc, of the instrument. 

For liie reflected angle, bag, (or d\f) = tbe incident 
angle sai, and the reflected angle boB = tne incident qda = 
BAE = bea, because ab is panulel to ac. Now, hai =r dfa 
= (fae -I- fba), and dae being equal to dea, it follows that 
HAI = (dab + fae). From hai and (dae + fab) take the 
equal angles, sai and baf, and there remains sah = 2 fae, or 
2 GAc; or, in other words, tbe angle of elevation, sah, is equal 
to double tbe angle of inclination of the two mirrors, doa De- 
ing equal to gag. 

* When tile distance has been measured in links of Gimter's cliain, and 
tile diflerence of levd is required in feet, add the above logarithm to the 
constant log. 9.8195439. Their sum, rejecting JO from the index, will be 
ihe log. of the dil&rence of level in feet. 
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telescope to some well«<lefiiied object, and make the verti- 
wire bisect it; then turn the axis end for end, an operation 
ich of course inverts the telescope, and if the object be not 
V bisected by the vertical wire, correct half the deviation 
the collimating screws at the eye-end of the telescope, and 
other half by giving motion in azimuth to the instrument; 
this must be repeated till the adjustment is satis&ctorily 
>mplished. 

i^inally, For the zero of altitude. Take the altitude or 
ression of an object with the vertical sector in reversed po- 
ms, half the sum will be its true altitude or depression; 
to this let the verniers be set. Again, carefully direct the 
scope to the object, making the bisection by the screws 
zh retain the index in a horizontal position, and finally, 
ect the level by the adjusting screws at one of its ends. 

THE METHOD OF OBSERVING WITH THE THEODOLITE. 

lie instrument being placed exactly over the station from 
Qce the angles are to be taken, by means of the plumb- 
suspended from its centre, it must be set level by the pa- 
1 plate-screws 6, 6, &c., bringing the telescope over each 
alternately; one must be unscrewed while its opposite one 
rewed up, until the two spirit levels on the vernier plate 
lily keep their position in the middle of their tubes while 
nstrument is turned quite round upon its staff-head, when 
U be ready for commencing operations — (supposing the 
(tments before described to nave been carefully examined 
rectified, otherwise the observations will be good for no- 
'.) First clamp the lower horizontal limb firm in any 
ion, and direct the telescope to one of the objects to be 
ved, moving it till the cross wires and object coincide; 
clamp the upper limb, and by its tangent screw make the 
lection of the wires nicely bisect the object. Now, read 
le two verniers, the decrees, nunutes, and seconds of 
t). one, which (»I1 a, ana the minutes and seconds only 
3 other, which call b, and take the mean of the reading 

A = 142° 36^ 30^^ 
B = 37' 0" 



Mean = 142° 36' 45" 
release the upper plate, and move it round until the 
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them; the last has a greater magnifying power, diowing the 
contact of the images much better. The adjustment for dis- 
tinct vision is obtamed by sliding the tube at the eye-end of 
the telescope in the inside of the other. This also is the means 
of adapting the focus to suit different eyes. In the inverting 
telescope are placed two wires, parallel to each other, and in 
the middle of the space between them the observations are to 
be made, the wires being first brought parallel to the plane of 
the sextant, which may be judged of with sufficient exactness 
by the eye. When observing with this telescope, it must be 
borne in mind, that the instrument must be moved in a contrary 
direction to that which the object appears to take, in order to 
keep it in the field of view. 

Four dark glasses, of different depths of shade and colour, 
are placed at k, between the index and horizon glasses; also 
three more at n, any one or more of which can be turned down 
to moderate the intensity of the light before reaching the eye, 
when a very luminous object (as the sun) is observed. The 
same purpose is effected by fixing a dark glass to the eye-end 
of the telescope; one or more dark glasses for this purpose 
generally accompany the instrument. They, however, are 
chiefly used when the sim's altitude is observed with an artifi- 
cial horizon, or for ascertaining the index error; as employing 
the shades attached to the instrument for such purposes would 
involve in the result any error which they might possess. The 
handle, which is shown at o, is fixed at the back of the instru- 
ment. The hole in the middle is for fixing it to a stand, which 
is useful when an observer is desirous of great steadiness. 



OF THE ADJUSTMENTS. 

The requisite adjustments are the following: — The index and 
horizon'glasses must be perpendicular to the plane of the in- 
strument, and their planes parallel to each other when the 
index division of the vernier is at 0° on the arc, and the opti- 
cal axis of the telescope must be parallel to the plane of the 
instrument. 



TO EXAMINE THE ADJUSTMENT OF THE INDEX GLASS. 

Move the index forward to about the middle of the limb, 
then, holding the instrument horizontally with the divided 
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telescope to Bome weU-defined object, and make the verti- 
wire bisect it; then turn the axis end for end, an operation 
ch of course inverts the telescope, and if the object be not 
T bisected by the vertical wire, correct half the deviation 
the collimating screws at the eye*end of the telescope, and 
other half by giving motion in azimuth to the instroment; 
this must be repeated till the adjustment is satis&ctorily 
)mplished. 

mally, For the zero of altitude. Take the altitude or 
ression of an object with the vertical sector in reversed po- 
ns, half the sum will be its true altitude or depression; 
to this let the verniers be set. Again, carefully direct the 
$eope to the object, making the bisection by the screws 
;h retain the index in a horizontal position, and finally, 
3ct the level by the adjusting screws at one of its ends. 

THE METHOD OF OBSERVING WITH THE THEODOLITE. 

he instrument being placed exactly over the station from 
ice the angles are to be taken, by means of the plumb- 
suspended from its centre, it must be set level by the pa- 
1 plate-screws 6, 6, &c., bringing the telescope over each 
alternately; one must be unscrewed while its opposite one 
ewed up, until the two spirit levels on the vernier plate 
ily keep their position in the middle of their tubes while 
astrument is turned quite round upon its staff-head, when 
1 be ready for commencing operations — ^(supposing the 
tments before described to nave been carefully examined 
-ectified, otherwise the observations will be good for no- 
.) First clamp the lower horizontal Umb firm m any 
on, and direct the telescope to one of the objects to be 
ved, moving it till the cross wires and object coincide; 
clamp the upper limb, and by its tangent screw make the 
action of the wires nicely bisect the object. Now, read 
le two verniers, the degrees, nunutes, and seconds of 
t). one, which cail a, and the minutes and seconds only 
3 other, which call b, and take the mean of the reading 

A =r 142° 36^ 30'^ 
B = 37' 0" 



Mean = 142° 36' 45'' 
release the upper plate, and move it round until the 
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oontaet by moying the tangent screw, and call the minutes 
and ^eoonds denoted by the vernier the reading on the arc. 
Next) place the index about the same quantity to the right of 
xerOf or on the are of excess, and make the contact of the two 
images perfect as before, and call the minutes and seconds on 
the arc of excess* the reading off the arc; and half the differ- 
ence of these numbers is the index error; additive when the 
reading on the arc of excess is greater than that on the limb, 
and subtractive when the contrary is the case. 



EXAMPLE. 

Reading on the arc, 
„ off the arc, 


31' 56" 
31' 22" 


Difference, 


0' 34" 


Index error. 


= _ 0' IT' 



In this case, the reading on the arc being greater than that 
on the arc of excess, the index error =17 seconds, must be sub- 
tracted from all observations taken with the instrument, until 
it be found, by a similar process, that the index error has al- 
tered. One observation on each side of zero is seldom con- 
sidered enough to give the index error with sufficient exact- 
ness for particular purposes. It is usual to take several mea- 
sures each way, ^^ and half the difference of their means will 
give a result more to be depended on than one deduced from 
a single observation only on each side of zero." A proof of 
the correctness of observations for index error is obtained by 
adding the above numbers together, and taking one-fourth of 
their sum, which should be equal to the sun*s semi-diameter, 
as given in the Nautical Almanac. When the sun's altitude 
is low, not exceeding 20° or 30°, his horizontal, instead of his 
perpendicular diameter, should be measured (if the observer 
mtends to compare with the Nautical Almanac, otherwise 
there is no necessity) ; because the refraction at such an alti- 
tude affects the lower border (or limb) more than the upper, 
so as to make his perpendicular diameter appear less thaii his 
horizontal one, which is that given in the Nautical Almanac; 



* When reading off the arc of excess, the vernier must be read back 
wards, or from its contrary end. 
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in this case the sextant must be held horizontally. Atmos- 
pheric refraction operates only on an object in a vertical plane ; 
an asdmuthal angle is not in the least effected by it, wnereas 
^m altitude is considerably increased from its effects. 



TO MAKE THB LINE OF COLLIMATION OF THE TELESCOPE 
PARALLEL TO THE PLANE OF THE SEXTANT. 

This is known to be correct when the sun and moon, hav- 
ing a distance of 90° or more, are brought into contact just at 
the wire of the telescope which is nearest the plane of the sex- 
tant, fixing the index and altering the position of the instru- 
ment to make the objects appear on the other wire; if the 
contact still remains perfect, the axis of the telescope is in 
proper adjustment; if not, it must be altered by moving the 
two screws which fasten to the up-and-down piece the collar 
into which the telescope screws. This adjustment is not very 
liable to be deranged. 

Having now gone through the principle and construction of 
the sextant, it remidns to give some mstructions as to the 
manner of using it. 

It is evident that the plane of the instrument must be held 
in the plane of the two oWects, the angular distance of which 
is reqmred. It must therefore be held in a vertical plane when 
altitudes are to be taken, but in a horizontal or oblique plane 
when horizontal or oblique angles are to be measured. As 
this adjustment of the plane of the instrument is rather diffi- 
oidt and troublesome to the beginner, he need not be surprised 
or discouraged although his first attempts may not answer his 
expectations. The sextant must be held in the right hand» 
and as slack as is consistent with its safety; for, in grasping it 
too hard, the hand is apt to be rendered unsteady. 

When the altitude of an object, the sun for instance, is to 
be observed, the observer, havmg the sea horizon before him, 
must turn down one or more of the dark glasses or shades, 
according to the brilliancy of the object; and directing his 
sight to that part of the horizon immediately beneath the sun, 
and holding the instrument vertically, he must, with the left 
hand, slightly slide the index forward until the image of the 
fiun reflected from the index glass appears in contact with the 
horizon, seen through the unsilvered part of the horizon glass; 
then clamp it firm, and gently turn the tangent screw to make 
the contact of the upper or lower limb of the sun and the ho- 
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rizon perfect) when it will appear a tangent to his circular 
disc* If an artificial horizon is employed, the two images of 
the sun must be brought into contact with each other; but 
this will be explained when speaking of that instrument. To 
the angle read off apply the index error, and then add or sub- 
tract the sun's semidiameter, as given in the Nautical Almanac, 
according as the lower or upper limb is observed, to obtain the 
apparent altitude of the sun s centre. Before we can use this 
observation for determining the time, the latitude, &c., it must 
be further corrected for refraction and parallax, to obtain the 
true altitude, subtracting the former and adding the latter; 
and when the sea horizon is employed, a quantity must also 
be subtracted for the dip, which is unnecessary when the alti- 
tude is taken by means of an artificial horizon. 

Tables for obtaining the above corrections may be found in 
Mr Baily's Astronomical Tables, &c., in the Requisite Tables, 
or in any modem work on navigation. 

Example. 

Observed altitude of sun's lower limb, .... 70° 28^ 12" 
Index error additive, ....... . 14 



Apparent altitude, ..... TO^' 28^ 26" 
t Refraction = 40". 20 minus parallax in altitude 4" = 36 . 20 



70° 27' 49".80 
Add sun's semi-diam. = 16' 4'M2 minus dip of 

horizon, for 20 feet elevation, 4' 4"= + 12' 0". 12 



True altitude of the sun's centre, 70° 39' 49".92 
If the observer is ignorant of the precise moment of the ob- 
ject's being on the meridian, he should, by a slow and gradual 
motion of the tangent screw, keep the observed limb in con- 
tact with the horizon, so long as it continues to rise; and im- 
mediately on the altitude's appearing to diminish, cease from 
observing, and the angle then read on the instrument will be 
the meridian altitude. 

* If the observer knows his latitude approximately, he may find the 
meridional altitude nearly, to which he may previously set his instrument, 
when he will not only find his object more easily, but have only a small 
quantity to move the index to perfect the observation. 

Take firom the Nautical Almanac the declination of the object, and, if 
it be of the same name with the latitude, add it to the co-latitude ; if of a 
different name subtract it. The sum or difference will be the meridian 
altitude nearly. 

t An observation of a star requires no correction for either parallax or 
semidiameter. 
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The accuracy of the observation will much depend on the 
clearness of the horizon, which will always be ill defined when 
the object is surrounded by clouds, which will descend with it 
in altitude; and the varying state of the atmosphere near the 
horizon will materially affect the correction for the dip, which 
must render the observation less correct than that which would 
be obtained by the aid of an artificial horizon. The yo]|ng 
practitioner would find it much to his advantage, in acqidring 
an expert and easy manner of using the inverting telescope, 
were ne daily to observe the meridian altitude of the sun, or 
other objects with it, instead of a plain tube. 

After what has been advanced, little need be said about ob- 
serving lunar distances, whether of the moon and the sun, or 
the moon and a fixed star or planet, except that the instru- 
ment must be held in the plane of the two objects; and it is 
generally preferable to direct the telescope to the fgdnter ob- 
ject, particularly if a star, as it can be more easily kept in 
view, when seen directly, than by reflection, K the brighter 
object is to the left, the sextant must be held with the face 
downwards. 

Tlie enlightened limb of the moon is always to be brought 
into contact with the sun or star, even though the moon's 
image is made to pass beyond the sun or star oefore the de- 
sired contact can be obtained. 

Perhaps the best method of taking a lunar distance is, not 
to attempt to make the contact perfect by the tangent-screw ; 
but, when the nearest limbs are observed, make the objects 
overlap each other a little when they are receding, or leave a 
small space between them when they are approaching, and 
wait till the contact is perfect, and the reverse when the 
furthest limbs are observed. 

TThe altitudes of the two objects should be observed at the 
same instant as the distance, and the time noted by a chrono- 
meter or watch. This would require several observers, but one 
person may take them all by having recourse to the foUowLng 
method: — "First, observe the altitude of the sun or star; se- 
condly, the altitude of the moon; .then any number of distances; 
next, the altitude of the moon ; and lastly, the altitude of the 
sun or star, noting the times of each by a watch. Now, add 
together the distances and times when they were observed, 
and take the mean of each; and, in order to reduce the alti- 
tudes to the mean time, m^ke the following proportion: — As 
the difference of times between the observations is to the dif- 
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ferenoe of their altitudes, 8o is the difference between the time 
that the first altitude was taken and the mean of the times at 
which the distances were observed, to a fourth number, which, 
added to, or substracted from, the first altitude, according as 
it is increasing or decreasing, will give the altitude reduced to 
the mean time." 

The angular distances of terrestrial objects are measured by 
the sextant in the same manner as those of celestial ones; but 
if the objects are not in the same horizontal plane, a reflecting 
instrument will not ?ive their horizontal angular distance; 
but this may be obtamed nearly by measuring their angular 
distances from an object in or near the horizon, whidi subtends 
a great angle with both ; and the sum, or the difference of the 
angles so measured, will be nearly the reqmred horizontal 
angle. 

Of the sextant, it has been said, that it is in itself a por- 
table observatory; and it is, doubtless, one of the most gene- 
rally useful instruments that has ever been contrived, being 
capable of furnishing data, to a considerable degree of accuracy, 
for the solution of a numerous class of the most useful astro- 
nomical problems; affording the means of determining the 
time, the latitude and longitude of a place, &c., for whicn, and 
many other purposes, it is invaluable to the land-surveyor, as 
well as the navigator. 



TROUGHTON'S REFLECTING CIRCLE. 

Fig. 43 represents this instrument, which, in prindple and 
use, is the same as the sextant. It has three vernier readings, 
A, B, c, moving roimd the same centre as the index glass, e, 
which is upon me opposite &ce of the instrument. One of the 
verniers, b, carries the clamp and tangent screw ; d represents 
the microscope for reading the verniers; it is similar to the one 
used in reading the sextant, and is adapted to each index bar, 
by slipping it on a pin placed for that purpose, as shown in the 
figure. The horizon glass is shown at f. The barrel, g, 
contains the screws for giving the up-and-down motion to the 
telescope; it is put in action by turning the milled head under 
the barrel. H is the telescope, adapted to the instrument in a 
manner similar to that of the sextant. I and J are two handles 
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fixed parallel to the plane of the cucle, and a third handle, k, 
is screwed on at right angles to that plane, and can be trans- 
ferred to the opposite £Etce of the instrument, by screwing it 
into the handle, i. The use of this extra handle is for conve- 
nience in reading and in holding the instrument, when observ- 
ing angles that are nearly horizontal. It can be shifted ac- 
cording as the face of the instrument is held upwards or down- 
wards. The requisite dark glasses are attached to the frame- 
work of the circle, to be used in the same manner and for the 
same purposes as those of the sextant. With respect to the 
adjustments and application of this instrument, we cannot do 
better than use the words of the inventor, Mr Troughton, con- 
tained in a paper which he calls 



" DIRECTIONS FOR OBSERVING WITH TROUGHTON's 

REFLECTING CIRCLE. 

** Prepare the instrument for observation by screwing the 
telescope into its place, adjusting the drawer to focus, and the 
wires parallel to the plane, exactly as you do with a sextant; 
also set the index forwards to the rough distance of the sun or 
moon, or moon and star; and holding the circle by the short 
handle, direct the telescope to the fainter object, and make the 
contact in the usual way. Now read off the degree, minute, and 
second, by that branch of the index to which the tangent screw 
is attached; also the minute and second shown by the other two 
branches. These give the distance taken on three different sex- 
tants; but as yet it is only to be considered as half an observa^ 
tion; wh^t remains to be done is to complete the whole circle by 
measuring that angle on the other three sextants ; therefore, set 
the index backwaras nearly to the same distance, and reverse the 
plane of the instrument by holding it by the opposite handle, 
and make the contact as above, and read off as before what is 
shown on the three several branches of the index. The mean 
of all six is the true apparent distance, corresponding to the 
mean of the two times at which the observations were made. 

** When the objects are seen very distinctly, so that no doubt 
whatever remains about the contact in both sights being per- 
fect, the above may safely be relied on as a complete set; but 
if, from the haziness of the air, too much motion, or any other 
cause, the observations have been rendered doubtful, it will 
be advisable to make more; and if, at such times, so many 
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readings should be troublesome, six observations and six 
readings may be conducted in the following manner: — Take 
three successive sights forwards, exactly as is done with a sex- 
tant, only take care to read them off on different branches of 
the index; also make three observations backwards, using the 
same caution : a mean of these will be the distance required. 
When the number of sights taken forwards and backwards are 
unequal, a mean between the means of those taken backwards 
and those taken forwards will be the true angle. 

^^ It need hardly be mentioned, that the shades, or dark 
glasses, apply, like those of a sextant, for making the objects 
nearly of tne same brightness; but it must be insisted on that 
the telescope should, on every occasion, be raised or lowered, 
by its proper screw, for making them perfectly so. 

*' Tne foregoing instructions for taking distances apply 
equally for ts^ing altitudes by the sea or artificial horizon, 
they being no more than distances taken in a vertical plane. 
Meridian altitudes cannot, however, be taken both backwards 
and forwards the same day, because there is not time: all, 
therefore, that can be done, is to observe the altitude one way, 
and use the index error; but even here you have a mean of 
that altitude and this error taken on three different sextants. 
Both at sea and land, where the observer is stationary, the 
meridian altitude should be observed forwards one day and 
backwards the next, and so on alternately from day to day. 
The mean of latitudes deduced severally from such observa- 
tions will be the true latitude; but in these there should be 
no application of index error, for that being constant, the result 
would in some measure be vitiated thereby. 

** When both the reflected and direct unages require to be 
darkened, as is the case when the sun's diameter is measured, 
and when his altitude is taken with an artificial horizon, the 
attached dark glasses ought not to be used. Instead of them, 
those which apply to the eye-end of the telescope will answer 
much better; the former, having their errors magnified by the 
power of the telescope, will, in proportion to this power and 
those errors, be less distinct than the latter, 

" In taking distances, when the position does not vary from 
the vertical above 30 or 40 degrees, the handles which are 
attached to the circle are generally most conveniently used; 
but in those which incline more to the horizontal, that handle 
which screws into a cock on one side, and into the crooked 
handle on the other, will be found more applicable. 

" When the crooked handle happens to be in the way of read- 
-r one of the branches of the index, it must be removed for 
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the time, by taking out the finger screw which fastens it to 
the body of the circle. 

'^ If it should happen that two of the reading agree with each 
other very well, and the third differs from mem, the discord- 
ant one must not on any account be omitted, but a fair mean 
must always be taken. 

*^ It should be stated that, when the angle is about 30 de- 
grees, neither the distance of the sim and moon, nor an altitude 
of the sun, with the sea horizon, can be taken backwards; be- 
cause the dark glasses at that angle prevent the reflected rays 
of light from falling on the index glass, whence it becomes 
necessary, when the angle to be taken is quite unknown, to 
observe forwards first, where the whole range is without in- 
terruption; whereas, in that backwards, you will lose sight of 
the reflected image about that angle. But in such distances, 
where the sun is out of the question, and when his altitude is 
taken with an artificial horizon (the shade being applied to 
the end of the telescope), that angle may be measured nearly 
as well as any other; for the rays incident on the index glass 
will pass through the transparent half of the horizon glass, 
without much &nmution of their brightness. 

" The advantages of this instrument, when compared with the 
sextant, are chiefly these: — The observations for finding the 
index error are rendered useless, all knowledge of that being 
put out of the question, by observing both forwards and back- 
wards. By the same means the errors of the dark glasses are 
also corrected ; for, if they increase the angle one way, they 
must diminish it the other way by the same quantity. This 
also perfectly corrects the errors of the horizon glass, and those 
of the index glass very nearly. But what is still of more 
consequence, the error of the centre is perfectly corrected by 
reading the three branches of the index; while this property, 
combined with that of observing both ways, probably reduces 
the errors of dividing to one-sixth part of their simple value. 
Moreover, angles may be measured as far as 150 degrees, 
consequently, the sun's double altitude may be observed when 
his distance from the zenith is not less than 15 degrees; at 
which altitude the head of the observer begins to intercept the 
rays of light incident on the artificial horizon; and, of course, 
if a greater angle could be measured, it would be of no use in 
this respect. 

** Tnis instrument, in common with the sextant, requires 
three adjustments: — First, The index glass perpendicular to 
the plane of the circle. This being done by the maker, and not 
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liable to alter, has no direct means applied to the purpose; it 
is known to be right, when, by lookuig into the index glass, 
yoa see that part of the limb which is next you reflected in 
contact with the opposite side of the limb as one oontinued 
arc of a circle ; on the contrary, when the arc mpean brakoA^ 
where the reflected and direct parts of the limb meet, it is a 
proof that it wants to be rectified. The second is, to make 
the horizon glass perpendicular* This is performed by a cap- 
stan screw, at the lower end oi the frame of that glass, and is 
known to be right, when, by a sweep of the index, the reflect-* 
ed im^e of any object will pass exactly over, or cover the 
image of that object seen directly. The third adjustment is 
for making the line of collimation parallel to the plane of the 
circle. "Diis is performed by two small screws, which also fas- 
ten the collar into which the telescope screws to the upright 
stem on which it is mounted; this is known to be right, when 
the Sim and moon, having a distance of one hundred and tlnr- 
ty degrees, or more, their Umbs are brought into contact, just 
at the outside of that wire which is next to the circle, and then 
examining if it be the same, just at the outside of the other 
wire. Its being so is the proof of adjustment." 



THE PRISMATIC COMPASS. 

The use of this little instrument is to measure horizontal 
angles only, and, from its portability, it is particularly adapted 
for military surveying, or where but little more than a sketch 
map of the country is required. It is also very useful in fill- 
ing in the detail of a map where all the principal points have 
been correctly fixed by means of the theodolite; and for this 
purpose it has been extensively employed by the gentlemen 
engaged on the Ordnance Survey. It may likewise be used for 
determining approximately the direction of the true meridian, 
the variation being determined by comparing the observed 
azinyath of a celestial object with its true azimuth deduced 
from an observation made for the purpose. 

In fig. 44, A represents the compass-box, and B the card, 
which, being attached to the magnetic needle, moves lis t^ 
moves, roimd the agate centre a, on which it is suspended. 
The circumference of the card is usually divided to 15^ of a 
degree, but it is doubtful whether an angle can be measured 
by it even to that degree of accuracy: c is a prism, which the 
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obsenFer looks- through in observing with the instnmient. The 
pefpendiottlar thread of the si^ht-vane^ e, and the divisions <»i 
the eard, appear together on looking through the prism; and 
the division with whidi the thread coincides, when the needle 
is at rest, is the magnetic azimuth of whatever object the thread 
may bisect. The prism is mounted with a hinge joint, d, by 
which it can be turned over to the side of the compass-box, 
that being its position when put into the case« llie sight- 
vane has a fine thread stretched along its opening in the di- 
rection of its length, which is brought to bisect any object by 
turning the box roimd horizontally. The vane also turns upon 
a hinge joint, and can be laid flat upon the box, for the con- 
venience of carriage. F is a mirror, made to slide on or off 
the sight-vane, e; and it may be reversed at pleasure, that is, 
turned face downwards : it can also be inclined at any angle 
by means of its joint, d; and it will remain stationary on any 
part of the vane, by the fiiction of its slides. Its use is to 
reflect the image of an object to the eye of the observer when 
the object is much above or below the horizontal plane. When 
the instrument is employed in observing the azunuth of the 
sun, a dark glass must be interposed, and the coloured glasses 
represented at g are intended for that purpose — the joint upon 
wnich they act allowing them to be turned down over the 
sloping side of the prism box. 

At 6 is shown a spring, which being pressed by the finger 
at the time of observation, and then released, checks the vi- 
brations of the card, and brings it more speedily to rest. A 
stop is likewise fixed at the other side of the box, by. which 
the needle may be thrown off its centre; which should always 
be done when the instrument is not in use, as the constant 
playing of the needle would wear the point upon which it is 
balanced; and upon the fineness of the point much of the accu- 
racy of the instrument depends. A cover is adapted to the 
box, and the whole is packed in a leather case, which may be 
carried in the pocket without mconvenience. 

The method of using this instrument is very simple: — First, 
Raise the prism in its socket, by until you obtain distinct vision 
of the divisions on the card; and standing at the place where 
the angles are to be taken, hold the instrument to the eye, 
and looking through the sUt, c, turn roimd till the thread in 
the sight-vane bisects one of the objects whose azimuth, or an- 
gular distance from any other object, if required; then, by 
touching the spring, e, bring the needle to rest, and the divi- 
sion on the card which coincides with the thread on the vane 
will be the azimuth, or bearing of the object from the north or 
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south points of the magnetic meridian. Then turn to any 
other object, and repeat the operation; the difference between 
the bearing of this object and that of the former will be the 
angular distance of the objects in question. Suppose the for- 
mer bearing to be 40° 30', and the latter 10° 15', both east, 
or both west, from the north or south, the angle will be 30° 
15'. 

The divisions are generally numbered 5°, 10°, 15°, &c. 
roimd the circle, to 360°. A stand can be had with the instru- 
ment, if required, on which to place it when observing, instead 
of holding it in the hand. 



THE ARTIFICIAL HORIZON. 

When the altitude of a celestial object is to be taken at sea, 
the observer has the natural (or sea) horizon as a line of de- 
parture; but on shore he is obliged to have recourse to an 
artificial one, to which his observations may be referred. This 
consists of a reflecting plane parallel to the natural horizon, on 
which the rays of the sun or other object falling, are reflected 
back to an eye placed in a proper position to receive them; 
the angle between the real object and its reflected image being 
then measured with the isextant, is double the altitude of the 
object above the horizontal plane. 

Various natural, as well as artificial, reflecting surfaces have 
been made by mechanical arrangements, to anord the means 
of obtaining double angles; such as pouring water, oil, treacle, 
or other fluid substances, into a shsiUow vessel; and to prevent 
the wind giving a tremulous motion to its surface, a piece of 
thin gauze, talc, or plate glass, whose surfaces are perfectly 
plane and parallel, may be placed over it when used for ob- 
servation. But the most accurate kind of artificial horizon is 
that in which fluid quicksilver forms the reflecting surface, 
the containing vessel being placed on a solid basis, and pro- 
tected from the influence of the wind. 

Fig. 45 represents an instrument of this kind. The mer- 
cury IS contained in an oblong wooden trough, placed under 
the roof a, in which are fixed two plates of glass, whose sur- 
faces are plane and parallel to each other. This roof effectually 
screens the surface of the metal from being agitated by the 
wind; and when it has its position reversed at a second obser- 
vation, any error occasioned by undue refraction at either 
plate of glass will be corrected. 
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Another and more poiiaUe contriyance for $sk artificial hori- 
zoD is repreBeated in fig. 46, which eonsiats of a drculmr plate 
of black fflasB, aboitt two inches diameter, momited on a brass 
stand, haSf an inch deep, with three foot screws, a, d^ c, to set 
the plane horizontal; the horizontality being determined thus 
by tne aid of a short spirit level j d^ havmg under the tube a face 
ground plane on which it lies in contact with the reflecting 
sur£Eice, place the level on the glass in a direction parallel to 
the line joininfi^ two of the three foot screws, as a and 6, then 
move one of uese screws till the bubble remains in the mid- 
dle of the tube in both the reversed positions of the level, and 
the plate will be horizontal in that direction; then place the 
level at right angles to its former position, and turn the third 
foot screw back or forwards, till the bubble again settles in the 
middle of its tube, the former levelling remaining undisturbed, 
and the plane will then be horizontal. This instrument, from 
its portability, is extremely convenient for travellers, as, when 
packed in its case, it can be carried in the pocket without be- 
mgany incumbrance. 

When an artificial horizon is used, the observer must place 
himself at such a distance that he may see the reflected object 
as well as the real one; then, having the sextant properly ad- 
justed, the upper or lower limb of the sun's image (supposing 
that the object) reflected from the index glass, must be brought 
into contact with the opposite limb of the image reflected from 
the artificial horizon, observing that when the inverting tele- 
scope is used, the upper limb will appear as the lower, and 
vice versa; the angle shown on the instrument, when correct- 
ed for the index error, will be double the altitude of the sun's 
limb above the horizontal plane; to the half of which, if the 
semi-diameter, refraction, and parallax be applied, the result 
will be the true altitude of the centre. 

EXAMPLE. 

Observed angle, . 122° 25' 50". 00 

Index error, • — 17" '05 



2)1220 25' 32". 95 



Appt. alt. . 61oi2'46".47 

Semi-diameter, . + 15' 46". 91 

Parallax, + 4". 00 

Refraction, — 34". 40 



True alt. of sun's centre, 61° 28' 2". 98 



E 
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When the contact is formed at the lower limb, the images 
will separate shortly after the contact has been made, if the 
altitude be increasing; but, if the altitude be decreasing, they 
will begin to overlap; bat when the contact is formed at the 
upper lunb, the reverse takes place. An observer, if in doubt 
as to which Umb he has been observing, should watch the ob- 
ject for a short time after he has made the observation^ 



EXAMPLES IN NAUTICAL ASTRONOMY. 



If a vertical circle pass through a star (or any point in the 
heavens), the arch of that circle intercepted between the star 
and the horizon is called the altitude of the star; and the arch 
of the horizon intercepted between the said vertical and the 
meridian is called the azimuth of the star. Vertical circles 
are also called circles of azimuth. 

The altitude of a star above the horizon is ^eatest when it 
is on the meridian, and a star has equal altitudes when it is at 
equal distances from the meridian on either side, or when its 
eastern and western azimuths are equal. 

If a meridian circle pass through any star, the arch of that 
circle intercepted between the star and the equator is called 
the declination of the star; and if it pass through the zenith 
of any place, the arch intercepted between that zenith and the 
equator is called the latitude oi the place. 

The latitude of any place is equal to the altitude or elevation 
of the pole above the horizon of that place. 

The elevation of the pole at any place is found by observing 
one of the stars which are so near it as not to set when it passes 
the meridian above, and again when it passes the meridian 
under, the pole; that is, by observing its greatest and its least 
altitudes above the horizon. Half the sum of the two altitudes 
of the star is the elevation of the pole, or the latitude of the 
place. 

If the polar distance of a star be equal to the latitude, the 
star will never set at that place. 



OF TIME. 



The motion of the sun is not equable; it takes sometimes 
more and sometimes less than a mean solar day to complete 
its revolution. When the sun is upon the meridian, we say it 
is apparent noon; and all time deduced immediately from the 
sun is called apparent time, and is that portion of an actual 
revolution which the sun has passed through since it left; the 
meridian. 
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In order to convert apparent into mean solar time, the 
equation of time muBt be applied to it; the equation of time 
hieing the accumulated errors of the sunVif the expression may 
be lulowed) from mean solar time. Toe result will be the 
time which should be indicated by a solar clock or chronometer. 

To convert degrees into time^ and the contrary. — The fol- 
lowing method is the most expeditious and independent of 
tables: — 

As IS^' degrees give one hour, 

1^ degree ivill give 4™, minutes of time, 
1^ minute ».. 4', seconds, and 
Vf second ... 4'*»*, thirds. 

If, then, the seconds of space be multiplied by four, the result 
wUl be thirds of time* In like manner, the minutes will pro- 
duce seconds^ and the d^rees minutes of time. 

Let it be required to concert 57^ 49' 54'^ into Hme. — The 
operation will stand thus: — 

57° 49^ 54" 

4 



3*» 51" 19* 36"" 



To convert time into degrees, Sfc, — The following method 
will be found the most convenient. Multiply the time by ten, 
and add to this half the product, the sum will be the corres- 
ponding degrees, &c. 

Let it be required to convert S^ 51" 19' 36**" into de- 
grees, 8fc. 

h. m, 9, ths. 

3 51 19 36 

10 



38 33 16 
19 16 38 



57® 49^ 54" 0"' corresponding space. 

All the calculations in the Nautical Almanac, with the ex- 
ception of the eclipses of Jupiter's satellites, are made for the 
instant of apparent noon at Greenwich. It becomes necessary, 
when any of the data contained in the Almanac are required 
for a given time at ship, to find the corresponding time at 
Greenwich, as follows: — 

Turn the longitude of the ship into time, and add it to the 
^ven time if the longitude be west, but subtract it from the 
given time if the longitude be east. The result will be the 
given time at Greenwich. 
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If the result of the addition should exceed twenty-four hours, 
the excess will be the time from noon of the following^ day. 
In subtracting, twenty-four hours must be added if necessary 
to {be time at ship, and the remainder will be the Greenwicn 
time from noon of the preceding day. 

Examples. 

Whai is the apparent time at Greenwich^ when the sun is 
upon the meridian in 76^ west longitude^ 

76^ (y ship's longitude, 
4 



5b. 4m, Qi. longitude west in time« 
apparent time at ship. 



5 4 apparent time at Greenwich. 

Given the ship^s longitude on the I5th 0/ January , 105^ 
13' westf and the txpparent time, 6^' 5""'; required the appa- 
rent time at Greenwich f 

1050 Id' longitude west, 
4 



^h. Qm. 52** longitude west in time, 
6 5 apparent time at ship. 



13 5 52 apparent time at Greenwich, 15th Jan. 

Given the ship's longitude on the IZth August^ 96^ V east, 
and the apparent time, 6^' 7"** 30'* ; required the apparent time 
at Greenwich f 

960 T 
4 



Qh. 24""* 28** longitude east in time, 
5 7 30 apparent time at ship, 



22 43 2 apparent time at Greenwich, 12th August. 

Given the ship*s longitude on the 15th qf January, 105° 
13' west, and the apparent time, 20^' 5""* 7*'; required the ap^ 
parent time at Greenunchf 

'jh, Qm. ^2*' longitude west in time, 
20 5 7 apparent time at ship, 

3 5 59 apparent time at Greenwich, 16th January. 



TO DETERMINE THE LATITUDE OF A PLACE 

FROM OBSERVATION. 



The terrestrial latitude of any station is its distance, in geo- 
graphical degrees and parts of a degree, from the equator; 
which distance, being considered pamllel to a corresponding 
arc in the heavens, is assumed to be equal to a celestial arc 
extending from the zenith of the station to the celestial equa- 
tor or equinoctial line: any observation, therefore, of a hea- 
venly body, which will afford data for determining this arc, 
will be competent to determine the latitude required. 

The nature of the observation will depend on the properties 
and powers of the instnunent made use of, and on the oppor- 
tunity of using it with advantage. In an observatory supplied 
with fixed instruments, meridian altitudes or zenith distances 
of the sun, or, what is better, of a known star, afford the 
readiest as well as the most correct means of deducing the la- 
titude, by direct measurement of the arc in question, or of its 
complement; but at sea, where there is a natural horizon, an 
instrument that measures by reflection, and that is also of a 
portable construction, such as the sextant and reflecting circle, 
is the only kind that can be employed with success. 

When the celestial equator and observed object are on the 
same side of the zenith, the measured arc denoted by the zenith 
distance, when corrected for refraction, and for parallax if ne- 
cessary, plus or minus the declination, according as it is north 
or south, will give the latitude, or arc contained between the 
zenith point and celestial equator; or, which is the same thing 
in other terms, the observed altitude, properly corrected, by 
changing the sign of the declination, will give the co-latitude. 
This may be called the solar method, as being applicable in 
all cases, both by sea and land, when this luminary is observed. 
It is, however, equally applicable to observations of stars that 
do not pass beyond the zenith towards the elevated pole, pro- 
vided their declinations be known. 

The second method of determining the latitude by observa- 
tion, is by means of a known star passing the meridian be- 
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tween the zenith and elevated pole. In this case we have the 
latitude equal to the declination mintis the meridian zenith 
distance; or equal to the altitude minus the polar distance (co- 
declination): but when the star is observed in passing the me- 
ridian below the pole, the co-latitude is equal to the zenith 
distance minus the polar distance; or equcd to the altitude plus 
the polar distance. 

^d, thirdly, when a circumpolar star is observed on the 
meridian, botn above and below the pole, at an interval of 
twelve siderial hours, half the sum of the two altitudes, re- 
spectively corrected for refraction, will be the latitude, without 
reference to the declination, which circumstance renders this 
an independent method, except so far as refraction is concern- 
ed, and may be relied on in an observatory. If these direct 
methods be repeated with different stars, and ^ve the same 
result when compared together, it may be safely concluded 
that the instrument is good, and that the latitude is correctly 
deduced. When the star is observed according to any of these 
methods, at a short distance from the meridian, either before 
or after, as well as on the meridian, for the extermination of 
errors, the additional observations must of course be reduced 
to die meridian, by the proper tables, before a mean is taken 
for the true meridian observation. 

All these direct methods are founded on the consideration, 
that the arc contained between the pole and nearest horizon is 
equal to the arc extending from the zenith to the celestial 
equator, which are each equal to the latitude of the place; and 
that therefore the arcs from the pole to the zenith, and from 
the equator to the other horizon, are equal to the co-latitude : 
hence it becomes a matter of indifference, as to accuracy, which 
of these four arcs be determined by observation. Tne most 
convenient of the four may therefore be measured. 

These are the methods of ascertaining the latitude of a place, 
which are either differential or indirect, but which, imder cer- 
tain circumstances, may be resorted to. 

First, when the latitude of one station or object has been well 
determined, the latitude of another station within sight may 
be inferred by a trigonometrical operation; secondly, the pole 
star may be observed at any point of its diurnal arc, and may 
be reduced to the meridian by tables given for that purpose; 
thirdly, the true latitude as well as the horary angle, may be 
computed from the observed altitudes, and the interval of time 
elapsed, provided the latitude be nearly known. 

For other methods of determining the latitude by stars and 
the moon, see books on navigation. 
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Example I. 

At a station near Calcutta, the altitude of the sun's upper 
limb was observed (by means of an artifidal homon) to be 
138*^ 36' 47'^00, the rdBractikm being SyMO, parallax 5'', Ae 
sun's senu[*dialneter 15' 52".70, and his dedbatim, 1^ 28^ 8". 
Required the latitude ? 

The mean' of several altitudes, ^ 138o SS' 47^^00 



Half the altitude, . 
Refraction 59^.40, mmus the parallax 


• • 
upper limb 

• 

centre, 
ibtract 

• 

• • 

• • 

• • 

• « 


69 18 23 .50 
» 54.40 


Subtract sun's semi-diameter, because 
observed. 


69 17 29 .10 
was 

15 52 .70 


True altitude of the sun's 
N. declination, change the sign and su 


69 1 86 .40 
J 23 8 .12 

• 


Co. Latitude, 


= 67 38 28 .28 
90 


Latitude North, 


s 22 21 31 .72 


Or in this manner^* 

Altitude of sun*s centre, 


69° 1' 36''.40 
90 


North zenith distance. 
North declination, add 


=: 20 58 2a .60 
1 23 8 .12 


As before, latitude N. 


= 22 21 31 72 



Example II. 

The namdian altitude of Aldebaran, 1834, was 56^ 30% 
the zenith bein^ north of the star, and the height of the eye 
15 feet. Required the latitude ? 

Observed altitude, 56° 30' 0" 
Depression of the horizon, . 3 42 

Apparent altitude, 
Redaction, 

True meridian altitude, 



Zenith distance north, 
Declination north. 

Latitude north, . 49 43 4 



56 


26 



18 
38 


56 
90 


25 


40 


33 
16 


34 
8 


20 
44 



79 


69 



43 

10 


79 
90 


59 


33 


10 
16 


oo; 

28 


27 
9 
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KXAMPIA IIL 

Tlie obMnred netidiaa allilude ctf Siiius wai 80'' 4% the 
9em& being soudi (tf the atuv dedxsaticm 16^*28*9 S., ud 
height of the ey« 20 feet* Required the bfitude ? 

Observed altitude, . 80<> 4^ 00^ 

Dip, — 4 17 

Apparent altitude, 
Renraction, 

True altitude, 

Zenith distance south, 
Declination south. 

Latitude south, 26 ^ 36 

Example IV. 

The observed altitude of the Polar star^ when on the meri- 
dian below the pole, was 30^ 7% the height ci the eye being 
18 feet. Required the latitude? 

Observed meridian altitude. 
Dip, 

Refiraction, 

Star's true altitude, 
P<to distance, 

Latitude north, 31 39 32 

EXAMPLB V. 

The observed altitude of Capella, when on the meridian be- 
low the pole, was 10® 2', the height of the eye being 17 feet. 
Required tibe latitude ? 

Observed meridian altitude, 10° 2' 0" 
Dip, . . — 3 57 



Refraction, 

Star's true altitude, 
Polar distance, 

Latitude north, . 54 4 15 



30° 


7/ (y/ 
3 50 


30 


3 10 
1 40 


30 
+ 1 


1 30 
38 2 



9 58 
— . 5 


3 
21 


9 52 
+ 44 11 


42 
33 
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Example VI. 

The meridian altitude of the planet Jupiter was observed, on 
the 5th of February 1823, to be 50"" 25% the zenith being to 
the north of the planet, the ship's longitude 24^ west, and the 
height of the eye 18 feet. Required the latitude? 

Time at ship nearly, 6 24 

Longitude west, 24° in time, 1 36 

Greenwich time nearly, 8 00 

Jupiters declination at Greenwich, 

1st Feb., north, . IS^ 44 

Jupiter's declination, 7th Feb., 

north, .18° 49 



Variation of declination in six days, 5 

Hence, by proportion, the declination of Jupiter, the 5thFeb. 
at S\ is 18** 47' 37" north. 

Observed altitude of Jupiter, . 50° 25' 0" 

Dip. 4 4 

Apparent altitude. 
Refraction, 

True meridian altitude, 



50 
. — 


20 



56 
48 


50 
90 


20 


8 


39 
18 


39 

47 


52 
37 



Zenith distance, north 
Declination north. 

Latitude north, . . 58 27 29 

The importance of repeatedly ascertaining the latitude on 
approaching land at night is well known to every seaman; any 
method, therefore, by which he might ascertain his latitude 
hourly if necessary, under such circumstances, cannot but be 
tndy valuable. * 

The following method, by Mr Littrow, is valuable for its 
simplicity and accuracy. The data required are, the observed 
altitudes of the pole star, and the corresponding apparent time 
at the. ship, or place, from which the latitude may be found, 
in the following manner: — 

With the apparent time of observation and the longitude, 
find the corresponding time at Greenwich, for which take the 
right ascension of the sun from the Nautical Almanac, and 
add it to the apparent time at the ship. The sum, rejecting 
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24 hours, if necessary, will be the siderial time, or the right 
ascension of the mericQan. 

From the right ascension of the meridian subtract the right 
ascension of the Pole star, the remainder will be the distance 
of the Pole star from the meridian in siderial time. 

Enter the annexed table, and seek this time in one of the 
columns, entitled ^^ Distance from the meridian," and take out 
the corresponding first correction, subtracting the annual va- 
riation if necessary; take out also the logarithm of a. 

Apply the first correction with the sign at the top of the 
column in which the distance from the meridian was found 
to the true altitude of the pole star. 

To the logarithm of a aad the logarithmic tangent of the al- 
titude, the sum will be the logarithm of a further correction in 
seconds, which being always added to the number before found, 
the result will be the latitude. 

The sun's right ascension for the corresponding time at 
Greenwich may be taken from the Nautical Almanac^ with 
sufficient accuracy for the present purpose, by estimation. 

Example. 

On the 25th of June 1824, in longitude 16*^ west, the alti- 
titude of the Pole star was observed to be 47° 5' at 12^- 14™* 
mean time, the height of the eye being 20 feet. Required 
the latitude? 



h. m t. 

Mean time, . 12 14 00 

Longitude in time added, 1 4 00 



Mean time at Greenwich, 13 18 00 
Equation of time, . 2 17 



App. time at Greenwich, 13 15 43 
Sun*s right ascension, 6 19 



Bight ascen. of the mend. 19 34 43 
Rt. ascen. of the Pole star, 58 1 



o / // 

Obs. alt. 47 5 
Dipofhor 4 17 



47 43 
Refraction, — 54 



True alt. 46 59 49 tan. 100455 
jlst correc 15 43 log. a. 1*9098 

46 44 6 



+ 1 30=r90"log. 1-9553 



Star's dist. from the merid. 18 36 42 

Lat. req. 46 45 36 N- 

m 

The mean of several altitudes ought always to be taken in 
preference to one. 



^ 
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TABLB FOR VIHDINO I^B I«ATITU]>B BY THB ALTITUJDB OF 

Ti|B POtLB tTiJt* 





FlntcoRM" 

ftlOB* 


Annual 
▼•riatloii 


Log of 
A* 


— 


+ 


+ 


+ 








1 


b» flUIV 




h. mliL. 


Ik Bkln. 


o 


/ 


H 


n 







12 


12 


24 




87 


48 


19.45 




10 


50 


10 


50 




37 


42 


19.41 


9.2009 


20 


40 


20 


40 




87 


26 


19.37 


9.8021 


SO 


30 


90 


80 




86 


58 


19.28 


a 1529 


40 


20 


40 


20 




86 


19 


19.15 


0.4009 


50 


10 


50 


10 




85 


30 


18.97 


0.5921 


1 


11 


13 


23 




34 


28 


18.80 


0.7475 


10 


50 


10 


50 




33 


17 


18.54 


0.8777 


20 


40 


20 


40 




31 


54 


18.30 


0.9897 


30 


30 


80 


30 




« 


21 


1799 


1.0871 


40 


20 


40 


20 




38 


1762 


11733 


50 


10 


50 


10 




26 


45 


1726 


1.2503 


2 


10 


14 


22 




24 


42 


16.83 


1.3195 


10 


50 


10 


50 




22 


29 


16.41 


1.3819 


20 


40 


20 


40 




20 


7 


15.92 


1.4387 


30 


30 


30 


80 




17 


36 


15.42 


14903 


40 


20 


40 


20 




14 


55 


14.90 


1.5377 


50 


10 


50 


10 




12 


7 


14.36 


1.5809 


3 


9 


15 


21 




9 


9 


13.74 


1.6205 


10 


50 


10 


50 




6 


5 


13.15 


1.6569 


20 


40 


20 


40 




2 


52 


12.51 


1.6899 


30 


30 


30 


30 





59 


32 


11.84 


1.7205 


40 


20 


40 


20 





56 


6 


11.17 


1.7483 


50 


10 


50 


10 





52 


33 


10.45 


1.7735 


4 


8 


16 


20 





48 


54 


9.73 


1.7965 


10 


50 


10 


50 





45 


10 


8.98 


1.8173 


20 


40 


20 


40 





41 


19 


8.22 


1.8361 


30 


30 


30 


30 





37 


26 


7-45 


1.8527 


40 


20 


40 


20 





33 


27 


6.66 


18675 


50 


10 


50 


10 





29 


25 


585 


1.8803 


5 


7 


17 


19 





25 


19 


5.04 


1.8915 


10 


50 


10 


50 





21 


10 


4.21 


19007 


20 


40 


20 


40 





16 


59 


338 


1.9081 


30 


30 


30 


30 





12 


46 


2.54 


19139 


40 


20 


40 


20 





8 


32 


1.70 


1.9181 


50 


10 


50 


10 





4 


16 


085 


1.9207 


6 


6 


18 


18 











0.00 


1.9215 
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TO DETERMINE THE TIMS BY MEANS OF AN OBSERVATION OF 
THE SUN OR A STAR TAKEN AT A DISTANCE FROM THE 
MERIDIAN. 

To perfoim this, the altitude of the sun or a known star 
must be taken either at sea, or on shore, mth an artificial hori- 
zon and sextant^ from which the time, at the moment When 
the observation was made, may be fimnd by calculation. It 
is a case in spherical trigonometry, where me three rides are 
given to find an angle opposite to one of them. 

To solve the problem it is necessary that the latitude of 
the place, the declination of the observed object, and its alti- 
tude, should be known, as the complements of these three arcs 
constitute the sides of the given triangle; and it is the angle 
at the pole, subtended by the zenith distance, which is to be 
found. 

Note Subtract the latitude from 90<^ to find the co-latitude. The 

polar distance is found by subtracting the sun's declination from 90^ when 
the latitude and declination are both north or both south, or by adding it 
to 90^ when one is north and the other south. 

RULE TO FIND THE TIME. 

Add together the zenith distance and the polar distance, 
and from their sum subtract the co-latitude, and note the re- 
mainder. 

Then add together the zenith distance and co-latitude, and 
from their sum subtract the polar distance, and note the se- 
cond remainder. 

Then to the log. sin. of half the first remainder add the log. 
sin. of half the second remainder; their sum, adding 20 to the 
index, call a. 

Add together the log. sin. of the co-latitude and the log. 
sin. of the polar distance, and subtract their sum from the sum 
denoted a, naif the remainder will be the log. sin. of half the 
hour angle in space, which must be converted into time and 
multiplied by 2 to obtain the apparent hour angle. To this 
apply the equation of time, as directed in the Nautical Al- 
manaCf and the result will be the mean hour angle sought; 
the difference between which and the time indicated by chro- 
nometer will be its error, either too fest or too slow, according 
as it exceeds, or is less than the mean time deduced from ob- 
servation. 
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Example. 

In latitude 51^ 31' 8'' N^ at 9** 28" 45" a, m. mean time 
by a chronometer, several altitudes of die sun were observed 
by a reflecting circle and artificial horizon; after the corrections 
for index error, refraction, parallax, and sun's semidiameter had 
been made, the true altitude of the sun's centre was found to 
be 31° 6' 56".43, maldng the zenith distance = 58° 53' 3''-57, 
the co-latitude 38° 28' 52", and the sun's polar distance from 
the Nautical Almanac, and corrected for time before noon 
= 88° 56' 45". Required the apparent time and error of the 
watch? 



. . . 5B« 5y y-57 

Polar distance, . . . 88 56 45 



147® 49' 48". 57 
Co.latitude, .... 38 28 52 



First remainder, 2)109° 20' 56". 57 

Half, . . . 540 40' 28". 28 Sine 9.911626 

Zenith distance, . . . 58° 53' 3". 57 
Co-latitude, .... 38 28 52 



97° 21' 55". 57 
Polar distance, . . . 88 56 45 



Second Remainder, 2)8° 25' 10". 57 

Half, . . . 40 12' 35". 28 Sine 8.865748 



Co-latitude, 38° 28' 52" sin. 9-793969 
Polar dist., 88 56 45 9.999926 



A 38.777374 



19.793895 19.793895 



2)18.983479 



Sin. J hour angle = 18° 4' 32" = 9-491739 

Multiply by 2 

Whole hour angle == 36° 9' 4" 

= 2^ 24"" 36'. 3 
Equation + 6 39-7 

2^ 31™ 16 = mean hour angle, 
hence, 9** 28™ 44* = time of observation. 
9 28 45 =: time by chronometer. 
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Method 2d. From the Requisite Tables, 

If the sun's declination and co-latitude of the place be one 
north and the other south, take their difference; but if both 
north or both south, take their sum for the meridian altitude. 

From the natural sine of the sun's meridian altitude take 
the natural sine of the sun's true altitude, then add together 
the log. co-secant of the co-latitude, the log.-secant of vie de- 
clination, and the logarithm of the difference of the natural 
sines. 

The sum of these three logarithms being found in the table 
of rising^ the corresponding time will be the apparent time 
from the nearest noon, as before. 



Example I. 



Co-latitude, 
Declination, 

Meridian altitude, 
True altitude, 



380 28' 52" 
1 3 15 



Co-secant, 0.20603 
Secant, . 0.00007 



390 82^ 7" . Nat. sine, 63655 
31 6 56.43 Nat. sine, 51676 



Apparent time. 



Latitude north, . 

Co-latitude, . . 
Declination north, 



True altitude, 



Difference, . . 11979 Log. 4.07842 
2»» 24" 36'.3 Log. rising, . 4.28452 

Example II. 

40O. 5^ O'' .... Secant, . 0.11628 



490 ^f 0" 
22 9 17 



Secant, . 0.03330 



720 4/ 17// Nat. sine, 95144 
30 2 Nat. sine, 50050 



45094 Log. 4.65412 



Apparent time, . 4^ 34"" 42'.2 



Log. rising, . 4.80370 



having given the observed altitude of a fixed star, 
its declination, and the latitude, to find the appa- 
rent time and longitude of the ship. 

Rule. 

Find the hour angle, or the distance of the star from the 
meridian, as in the last example. If the star is to the west of 
the meridian, add to this the star's right ascension, but if to 
the ea^t of the meridian subtract it, and the result will be the 
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right ascension of the meridian. With the mean time at 
(^eenwich by dironometer, find the apparent time at Green- 
wich, imd the sun's riffht alKsension for that time. Subtract the 
Sim's right asoensim firom the ri^ht ascension of the meridian, 
and the rcnaainder iriil be the af^Arait time at the ship ; the 
difierenoe between which and the apparent time at Greenwich, 
deduced bmn. the chrcmometer, will be t3ie longitude in time* 

Example. 

1834. In latitude 21^ 12' north, the mean of several ob» 

serred altitudes of the star Antares^ when eastward of tiie me- 

ridian, was 30^ 42% the height of the eye 16 feet, and the 

mean of corresponding times by chronometer 9^ 35"^ 43", whi<^ 

chronometer was too fast on a particular day for Greenwich 

time, 1°* 5" at noon, and gaining daily 5'*4. Required the 

apparent time and longitude of the ^p? The observation was 

made 38 days after the error and rate of the chronometer had 

been determined. 

h. m, s. 
16 18 31.2 
4 19 170 
16 28 30 
3 50 
1 55 

Mean of obsd. altitudes, 30^ 42' 0^' 



Time by chronometer, 
Fast on given day for 
Greenwich, 



Star's right ascension, 
Sun's right ascension. 
Star's declination, 
Dip of horizon, 
Rdraction, 

9 35 43 



1 5 



9 34 38 



Accumulated gain in 38'' 
9^ 35™ 43* . . — 3 27.5 



Mean time at Green- 
wich, . . 9 31 105 
Equation of time, -(- 3 9-2 



App. time at Greenwich, 9 34 19*7 



Dip of horizon. 

Refraction, 
Star's true alt. 



— 3 50 

30 38 10 
— 1 55 

30 36 15 



North latitude, 



21° 12^ Secant, 



Co-latitude, ... 68 48 

Star's declination north, 16 28 30 Secant, 



0.03043 



0.01821 



Meridian altitude. 
True altitude, 



. 85 16 30 Nat. sine, 996602 
. 30 36 15 Nat. sine, 509104 



487496 Log. 4.68797 



Logarithmic rising, 4*73661 
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Apparent time, .... 4*»11"*48V 6 
Star's right ascension, . . 16 18 31.2 



Right ascension of meridian, . 12 6 42 . 6 
Sun's right ascension at 9* 34" 19*.7, 4 19 17-0 



Apparent time at ship, . 7 47 25 . 6 

Apparent time at Greenwich, . 9 34 19.7 



Longitude in time, . . 1 46 54 . 1 

Multiply by . . 10 to turn it into space. 

17 49 1.0 

Add half, . 8 54 30 . 5 



Longitude west, . . . 26^43' 31" 5'" 

Remark. — The Warithmic rising is the logarithmic versed 
sine of the hour angle, but with an index of four, in conse- 
quence of the natural sines being considered as whole numbers 
instead of decimals, as is usual, in which case the index would 
have been nine. The logarithmic versed sine may therefore 
be used instead of the logarithmic rising. 



TO FIND THE RATB OF A CHROXOMETBR BY A TRANSIT 

INSTRUMENT. 

The best method, when on shore, of determining the rate of 
a chronometer, is by a portable transit instrument. For this 
purpose, it is by no means necessary that the instrument should 
be accurately in the meridian, but then the observations must 
be confined to the stars. The axis, however, should be care- 
fully levelled, and the middle wire (which must be truly verti- 
cal^ adjusted to a certain mark, previous to each observation. 
It is not absolute but comparative time that is required. Now, 
if the time of the passage of a certain star should be observed 
every night by a chronometer, and the chronometer keep mean 
time, it should lose 3" 55'- 91 between any two successive 
transits of the same star. K the loss is less than this, the chro- 
nometer is gaining the diflFerence daily; if, on the contrary, the 
loss is more than 3*" 55'«91, the diflFerence is the rate which 
the chronometer loses daily. The observations should be con- 
tinued for at least a week, and the mean taken for the rate. 
It must be remembered that this rate is for a siderial day, but 
may be readily found for a solar day, if thought necessary, by 
simple proportion. 

F 



ON LONGITUDE. 

The different methods of determining the longitude of a given 
place may be divided into terrestrial and celestial. 

The first terrestrial method is by means of trigonometrical 
measurement, having previously determined the longitude of 
some object not very remote. In Great Britain, wnere the 
longitude of various church steeples and of elevated stations 
have already been ascertained by the general survey of the 
United Kingdom, which is still in operation, these determined 
land-marks afford facilities, in every county, of obtaining the 
longitude of any observatory, or temporary station, that may 
be within sight of one or more of them. 

The second of these methods is that in which signals are 
used, which may be practised with considerable success when 
the distance from the known station, or point of departure, 
does not exceed twenty or thirty miles, according as the face 
of the country may be favourable to such mode of transmitting 
time from one place to another. When this plan is adopted^ 
it is necessary that the exact time should be known at both 
stations, the longitude of one of which is supposed to be known; 
for ascertaining which two portable transit instruments may 
be recommended, for previous or subsequent regulation and 
correction of the clocli or chronometers used. A rocket, or 
succession of rockets, sent up at certain instants, previously 
agreed upon, will be proper signals when they burst at one 
station, and are observed at the other. The absolute time 
of such bursting will be the same at both stations, within a 
quantity^ depending on the velocity of light, not appreciable at 
a practicable distance. 

If a rocket cannot be seen at the whole distance, an elevated 
spot may be chosen between the two stations, where it may be 
viewed from the extreme stations at the same time ; or a repe- 
tition of signals from several intermediate eminences may be 
observed; and then the difference of the observed times, taken 
at the two extreme stations, or the mean of the several differ- 
ences, will give the difference of longitude in solar time, with- 
out regard to the bearing of the stations or other computation. 

Of course, a clear evening must be mutually agreed upon, 
and the bearing of one place from the other must be so far 
kndwn as to guide tne position of the telescopes to be used on 
the occasion, which should have large fields of view, and con- 
sequently but small magnifying powers. This method has 
been used with satisfactory success. 
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The third and lagt terrestrial method of comparing the lon- 
^tude of one station with that of another, is by the conveyance 
of several chronometers, the rates of which are known ; for 
when the time taken at the first station is conveyed to the se- 
cond, and compared with the exact time there obtained, the 
difference between the two, when due allowance is made for 
the rates during the interval, will, as in the case of signals, 
give the difference of longitude, and at any unlimited distance. 

This method has been practised with success by Dr J. L. 
Tiarks, who, under the employ of our government, conveyed 
several chronometers from England to the isle of Madeira, 
the lon^tude of a station in which he thus determined, as a 
convement place for checking the marine rates of chronome- 
ters when vessels on long voyages touch at that island, which 
rates frequently differ from those previously ascertained on 
shore. As the vessel which conveyed the chronometers was 
actuated by steam, which occasioned frequent shocks in its mo- 
tion, the mgenious German contrived a table that was sus- 
pended in gimbals; two out of three parallel frames turned on 
pivots at right angles to each other, and were loaded by a 
heavy weight, hanging down below the table, and lashed to 
it by diagonal lashings. Four hollow tubes were screwed 
down to the cabin deck, which contained each a spiral spring, 
on which the four feet of the outermost frame rested, and 
where the lower ends of the four diagonal lashings were fas- 
tened that held the feet in their places. This contrivance kept 
the surface of the table so level, and at the same time so free 
from the effect of the shocks from the engine, as well as from 
the vessel's motion occasioned by the sea, that the compart- 
ments for holding the chronometers might have been dispensed 
with; for their boxes had no tendency to slide from the posi- 
tion given them. The vibrating balances were not acted up- 
on in any way that lengthened or shortened their vibrations, 
or that otherwise affected their going. 

When several chronometers are used, an individual one is 
chosen as the standard, by which the indications of the rest 
are compared, in obtaining a mean of the whole; but, in mak- 
ingthese comparisons, method and practice are indispensable. 

The chronometer is of most general use as a nautical ma- 
chine, to preserve the time given to it at the first meridian; 
for the solar time at ship, determined by a single observation 
of a celestial body, and compared with the corrected time of 
the chronometer, will give a difference equal to the longitude 
expressed in solar time — east when the time at the ship is 
greater, but west when smaller, than the Greenwich time. 
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The celestial or astronomical methods of obtaining the lon- 
gitude may be divided into six — viz. (1.) ^7 observing an im- 
mersion or emersion of one of Jupiter's satellites; (2.) by a 
lunar eclipse; (3.) by the moon's passage over the meridian 
compared with that of a known star, preceding or following 
her; (4.) by measured lunar distances; (5.) by an occultation 
of a star by the moon; and (6.) by an occultation of the sun, 
or solar eclipse. With respect to the first mode, by Jupiter's 
satellites, though it is not so accurate as some of the others, it 
is often used m observations; and as these phenomena fre- 
quently occur, they are previously computed for Greenwich 
time, and published annually, three or four years in advance, 
in the Nautical Almanac; and when severed of these occur- 
rences have been observed with a good telescope, at any parti- 
cular place, the mean of the difference between the computed 
Greenwich time and the corresponding times of observation 
will give the longitude, east or west of Greenwich, according 
as the observed tunes are greater or less than the computed 
times given in the Almanac. The principal objection to this 
method is, that an immersion or emersion cannot be observed 
at sea, where a knowledge of the longitude is of daily im- 
portance. 

LUNAR DISTANCES. 

In the practical application of the lunar method of deter- 
mining the longitude, the mode of making the necessary ob- 
servations is first to be considered. As an oblique arc and two 
altitudes are required to be measured at the same moment to 
ensure complete success, and as a repetition of such co-tem- 
porary measures, taken at successive intervals, and as near as 
may be equidistant, will conduce to accuracy, it has been found 
most convenient to employ four persons; the first to observe 
the oblique arc, or apparent lunar distance, with the sextant 
or repeating circle; the second to measure the altitude of the 
moon; the third to measure that of the sun or star with a 
similar instrument; and the fourth to note down the exact time 
by the chronometer, at each instant when the observer taking 
the distance gives the notice; or, what will be more tjorrect, 
the equidistant times may be announced by the person watch- 
ing the chronometer, while the observers keep their respective 
contacts correct by the tangent screws. But if so many skil- 
ful persons are not present, both altitudes may be taken by a 
single observer, botn before and after the angular distance is 
nieasured, and the corresponding times put down; from which 
^L- _ix:i..^jgg ^^^ ^^ ^j^^ mean time of all the distances may be 
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inferred by computation. The method of putting it into prac- 
tice will be found with the description and use of the sextant, 
page 50. 

When the sun or star is at a proper distance from the meri- 
dian, the time may be computed from its observed altitude, 
provided the latitude be known, with which the time shown 
by the chronometer may be compared as a check on the re- 
sulting longitude; otherwise the tune must be determined by 
a preceding or subsequent observation. 

It is very important that the contact, in measuring a lunar 
distance, be, as nearly as can be estimated, at that diametrical 
line of the telescope's field of view that lies parallel to the 
face of the sextant or circle; for at any other part, to the right 
or left of that line, the measured distance will be always too 
great, however properly the adjustment for parallelism of the 
telescope's collimation may have been previously made. The 
measure taken at the centre of the field will therefore al- 
ways be the safest to adopt; and as this is the smallest mea- 
sure that can be taken of a long arc, a practised observer will 
seldom have occasion to entertain a doubt of its accuracy; but 
without such precaution, there may be an error of some mi- 
nutes in the measured distance, which, in spite of all the 
Nautical Tables, will be charged on the longitude. The ap- 
parent altitudes of the sun and moon are those which are cor- 
rected for the effects of refraction, parallax, dip, index error, 
and semidiameter, by the tables in the usual way; but that 
.of a star requires not the correction for either parallax or semi- 
diameter. The apparent distance is the measured arc correct- 
ed for the index error, and for the moon's semidiameter at the 
time when a star is the second object; but when the sun is the 
object, the sum of the semidiameters of the sun and moon 
must be applied with the index error. 

Since the effect of refraction is to elevate a heavenly body, 
and that of parallax to depress it, the sun is more elevated 
by the former than depressed by the latter; but the moon, on 
the contrary, is more aepressed by the latter than elevated by 
the former ; and these effects vary at different altitudes. The 
first question therefore that arises, which is indeed the only 
diflScult one to a common observer, is, how the apparent dis- 
tance of the moon from the sun, or star, is affected by a re- 
duction of their apparent to their true altitudes, as seen in a 
right line from the centre of the earth, instead of from a point 
on its surface, through a refracting medium? 

To reduce the apparent to the true angular distance, is a 
problem that has employed the pens of many mathematicians; 
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and various tables have been computed and published, for the 
express puroose of dearing the apparent distance fix>m the ef- 
fect of parallax and refraction, by such rules and computations 
as have appeared best adapted for nautical usage. The fol- 
lowing valuable method by Dr Thomas Young, taken from 
die Journal of Science, Literature, and Arts, will serve to ex- 
plain what has been said on the subject. 

Rule. 

1. Add together the apparent altitude of the star, the ap- 
parent altitude of the moon, and the apparent distance, and 
from half the sum subtract die apparent altitude of the star, 
and call the result the remainder. 

2. To die proportional logarithm of the moon's horizontal 
parallax, add the logarithmic secant of the moon's altitude, 
the sum will be the proportional logarithm of the parallax in 
altitude. 

3. Add together the logarithmic secant of the half sum, the 
sine of the apparent distance, the co-secant of the remainder, 
the constant logarithm 9*6990, and the proportional logarithm 
of the horizontal parallax, the sum will be the proportional 
logarithm of the diminution of parallax; the difference between 
which, and the parallax in altitude, is tiie parallactic correction, 
which is to be subtracted from the observed distance, if the pa- 
rallax in altitude is the greater, but if otherwise, to be added. 

4. To the logarithmic sine of the moon's altitude add the 
proportional logarithm of the parallactic correction, and sub- 
tract the sum from the proportional logarithm of the horizon- 
tal parallax ; the difference will be the tangent of an angle, 
which is the refractional distance for the moon. Consider as 
zenith distances both this angle and the difference between it 
and the apparent distance, and find the corresponding refrac- 
tions in a table of refraction. These will be the first and se- 
cond refractional corrections; the first of which is to be applied 
to the apparent distance, with a contrary sign to that of the 
parallactic correction, and the second to be added when the 
refractional distance for the moon is less than the observed 
distance; otherwise the second refractional correction must be 
subtracted. 

5. Add together the proportional logarithm of the diminu- 
tion of parallax, that of the sum of the parallactic correction 
and the parallax in altitude, the logarithmic tangent of the 
apparent distance and the constant logarithm 1.5870, the sum 
will be the proportional logarithm of the correction for obli- 
quity, which is always additive. 
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&AMPLE. Taking the apparent distance 43° 36', the apparent altitude of the moon 90° 38', 

that of the star 11° 17', the Ttwon*i horixonUU parallax 54' 42", and its proportional logarithm 
.5173,- to find the true distance. 
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Having the true central distance between the moon and the sun 
or a fixed stOTj and the apparent time at the ehipy to find 
the longitude. 

Rule. 

Among the true distances of the moon's centre firom the 
sun or fixed stars, in the Nautical Almanac^ find those two 
distances which are next less and greater thsui the true given 
distance, which true distance place under it. Take the differ- 
ence between the true distance and the first of the two distances 
taken firom the AlmanaCj and also the difference between the 
two distances. From the proportional logarithm of the first 
difference subtract the proportional logarithm of the second 
difference, the remainder will be the proportional logarithm of 
a portion of time, which, added to the time corresponding to the 
first of the two differences taken firom the Nautical AlmanaCy 
will give the apparent time of observation at Greenwich. 

Take the dinerence between this time and the apparent 
time of observation at the ship, which, being converted into 
degrees, will give the longitude of the ship : east, if the time 
at the ship be greater than at Greenwich, otherwise west. 

Example. 

The true distance of the moon's centre firom Aldebaran, the 
20th March 1823, was 35° 50' 24'', the corresponding appa- 
rent time at ship being 7** 5™ 21'. What was the ship's 
longitude? 

True distance, ... 35° 5(y 24'' ) 

Distance at 6 hours from 1 35 44 33 fO® 5' 51" P. Log. 1.4881 

Nautical Almanac, ( ) 

Distance at 9 hours from) o*, o/. ic f 1 ai ^n t> t /\ ^Aork 
Nautical Almanac, 1 37 26 15 1 1 41 42 P. Log. 0.2480 

Time from midnight, . . 0»» 10" 21' . . . P. Log. 1-2401 

6 



Apparent time at Greenwich, 6** 10" 21' 
Apparent time at ship, . . 7 5 21 



Longitude east in time, . 0* 55"^ 0" = 13° 45' 0" 



THE METHOD OF OBTAINING MECHANI- 
CALLY THE EXACT MEASURE OF A FUN- 
DAMENTAL BASE LINE. 



Before we can undertake to delineate a coast, or make a 
correct trigonometrical survey of a harbour, it is absolutely 
necessary that the precise distance between two objects or sta- 
tions should be determined, whence a series of triangles (the 
angles of which must be stations conspicuously visible from 
each other) may be carried along the coast, and through that 
part of the country which is to be surveyed. The first step, 
therefore, to obtain mechanically the exact measure of a basCj 
or one side of a triangle by which the others may be comput- 
ed, is a task involving the greatest difficulty, and has given 
rise to the most delicate experiments which ingenuity can de- 
vise or expense command; and as a proof of how far art and inde- 
fatigable zeal will at all times enable us to surmount the dif- 
ficmties presented by nature, we have only to view — ^which we 
cannot do without inexpressible delight and wonder — ^the late 
operations in Ireland, where a base line was measured paral^ 
lei to the shore of Loch Foyle, between seven and eight 
miles long, and its greatest error is supposed not to have 
exceeded two inches. But we cannot look for so great a de- 
•ee of nicety in the operations of the marine surveyor, with 
[s limited means on a rough and rugged coast; yet as the 
just determination of the length of the other sides of the tri- 
angles, formed by straight lines joining the summits of hills 
and other remarkable objects, mainly depends upon the cor- 
rectness and true measurement of a base line, it will be ne- 
cessary to bestow on it the greatest care and labour. It is a 
well-known fact that all bodies, in a certain degree, expand by 
heat, and contract by cold; therefore, numerous expedients have 
been devised to avoid errors firom this cause, in the substances 
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used in measuring the base^ such as deal rods, glass rods, and 
steel chains of a peculiar construction. These were the me- 
thods adopted in the trigonometrical survey of Britain, also in 
that which has been going on in Ireland; it has been the work 
of many years, and great has been the labour and ingenuity 
exerted in the operation. 

The measuring wheel is an instrument much used in mea- 
suring roads and distances, where expedition is more an object 
of consideration than correctness; indeed, the instrument can- 
not be relied on where great exactness is required, as the mea- 
sure obtained by it must be too great where the ^ound is at aU 
uneven, by traversing the hills and declivities of the road. The 
same objection may, m a certain degree, be used against the 
measuring chain, for it is liable to errors: First, by expand- 
ing or contracting; secondly, if care be not taken, the links 
wul ride; and, thirdly, the great diflSculty of laying it straight, 
all of which must be carefmly observed and guarded against, 
by an examination of the links, and by propping up and re- 
moving as much as possible the different curves formed in it 
by the inequalities of the ground, when, for most nautical 
purposes, it will be found sufficiently correct. Deal rods may 
not be so convenient for carrying, but that material has been 
found to be less liable to change from the effect of the atmos- 
pheric action than most other bodies, and being so easily ob- 
tained, it will be found a useftil article as a check on the cnain; 
and by the assistance of a spirit level, you may approximate 
to the measurement of a line in a horizontal plane. Poles of 
20 feet or upwards will be found a good size. The most im- 
portant consideration is to select the two stations that are to 
form the extremes of the base. It must be fixed, if possible, on 
a perfectly smooth plane — ^the greater the extent the better; 
and if a remarkable object can be conveniently taken as one 
extreme, it would answer well to point out the spot in case it 
should be found necessary to go over the operations again. 
Let the direction of the base be such as to form triangles free, 
if possible, from any material inequality in their angles; for 
instance, such a triangle as abc (fig. 47) would be altogether 
an improper triangle, for it would, in consequence of the acute- 
ness of the angles at a and b, be impossible to determine witii 
precision the position of c from observations made at those 
extremes, as a small error in either of the acute angles would 
produce a great error in the sides cb and ac. If, therefore, 
this precaution be attended to, and the position of the base 
line be such that angles taken between objects and its extremes. 
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such as ABK, BAK (fig. 47), may not be too acute or too obtuse, 
not less than abk = 35% or above bak =110% but to form in 
the commencement of the survey^ as nearly as possible, equi- 
angular and equilateral triangles, similar to agb (fig. 47), it will 
then be found that the accuracy and determination of the calcu- 
lated sides will not differ perceptibly from what they would 
have been had it been possible to obtain their length by ac- 
tual measurement. When this arrangement has been made, 
and several of the most prominent and remarkable objects have 
been thus fixed by trigonometrical calculations, as we recede 
from the base along the coast, it will be practicable to use as 
bases the sides of large triangles, formed by those objects which 
have already been determined. The angles measured between 
any three of them at the same instant, by two observers, or one 
only, if expert, with a sextant from a ship (either at anchor or 
under weigh), will give the position of the ship, or a rock, at the 
time the angles were taken. The method of protracting and 
calculating the sides of such triangles, is frilly oemonstrated in 
the surveying problems. If the observations are to be made 
from a rock or on shore, the theodolite is the fittest instrument, 
as will be seen by the description of it given in page 39, be- 
cause it gives the angles at . once reduced to the plane of the 
horizon. 

HOW TO MEASURE A BASE LINE ON SHORE. 

Suppose it were determined to measure a base line on the 
island abcd (fig. 48). — Having prepared the measuring pole, 
&c. before described, or a steel chain of suitable length, a num- 
ber of poles 8 or 10 feet long, with white flags on them, which is 
more easily distinguished at a distance than any other colour, 
and a few coils of deep sea lead line to stretch along the ground 
for a straight line to place the poles by; then supposing a 
to be the point from whence you commence the measurement, 
send a man on to p, which call, at a rough estimation, 800 
yards from a, let him fix a long pole in the ground, with a flag 
on it, in such a position that it may be in a line with a tree 
or any conspicuous object at the farther end of the plane, in 
the direction you intend your hose to run. You must guide 
him, infixing the pole, by standing at a distance from a; then, 
with one eye closed, look when the pole at p is in a direct line 
with the pole at a and the tree, and then, by a preconcerted 
signal, desire him to fix it firmly in the ground; tneii between 
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A and p set up other poles, with little flaffs on them, as at a, bj e, 
about 200 yards apart, so that when tiae eye is placed as be- 
fore, a little from a, the ed^es of the poles may coincide ex- 
actly with each other. In die next place, stretch along the 
lead line, and if it touch the sides of each of the poles, when 
hauled taut, you may be sure that they are in a direct line with 
each other. The accuracy of the operation, in a great mea- 
sure, depends upon fixing, with ^eat nicety, the poles upright, 
which can only be done by standing back a short distance from 
A, so that the poles may cover each other; then the other 
poles, if not seen either to the left or right, must, as is evident, 
be in the line required. Thus continue the line, by erecting 
another long pole 800 yards from p, as at s; then proceed in 
the same manner as before, until you have reached the other 
extreme of your intended line, near the tree at c. 

Having now obtained the true direction of your bas€f next 
proceed to actual measurement, previously examining your 
chain by a well-divided rod. As a two-foot scale would be too 
short, and involve an error by repeated changing, a rod of six 
or ei^ht feet long would do better. Then run the chain along 
by the side of the lead line, and carefully attend to the adjust- 
ment of the links; go over the same again with the long mea- 
suring pole, noticing most particularly the number of times the 
pole is carried forward; two poles would be preferable to one, 
and a wooden picket might be stuck in the ground at the end 
of each pole, as a mark to count by, before it be shifted. It 
would be satisfactory to go over the work a second or even a 
third time, before you commence taking your angles. If there 
should be a sensible declivity in the plane abcd, it will be ne- 
cessary to find its amount by the spirit level or by the theodo- 
lite, and then calculate for the horizontal distance instead of 
the hypothenusal line measured. If some obstruction should 
intervene so as to prevent the measurement of a long base 
line, such as a hill at h, directly interposed between the two 
points A and b (fig. 49), in which direction it might be requir- 
ed to carry out the base; in such a case let two or more lines, 
if necessary, be measured, such as ac, cb, and the angles they 
make with each other be carefully observed with a theodolite; 
then having the two sides, ac and cb, and the included angle, 
BOA, find trigonometrically the side ba; the process would be 
exactly the same if there were more sides than two, but poles 
ought to be set up at the angular points, and the theodolite 
cannot be set with too much precision over the point, where 
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the sides meet, as a trifling error in these angles would mate- 
rially affect the distance deduced therefrom. 

Various methods are employed for measuring a base line at 
sea. Every seaman is familiar with heaving the log-line to 
find the rate of the ship. But this, though sufficient for or- 
dinary purposes, is by no means accurate enough for the sur- 
veyor. A better method is to use a strong cord, thoroughly 
wet, whose length must be carefully measured, with cork floats 
attached to it to keep it on the surface of the water. One 
end of this cord is made fast by a heavy piece of lead, which 
acts as an anchor, while the other end is carried out by a boat 
in the direction of the base line. When the cord is stretched 
to its full length, another anchor is dropped from the end of 
the boat to keep this end of the cord in its place. Another 
boat then takes in the end of the cord which was first anchor- 
ed, and carries it forward in the same manner till it is again 
stretched to its full length. In this way the whole of the base 
line is measured. The same precautions must be used here as 
in measuring a base on shore to keep the boats exactly in the 
proper direction; and it will be necessary, immediately affcer 
the process is completed, to measure the cord again with the 

freatest care, lest it may either have stretched or contracted 
uring the operation. This method can only be practised 
with success under favourable circumstances, as when the sea 
is calm and smooth, without any current or tide to prevent the 
cord from lying in a straight direction. 

But the method most frequently employed on board survey- 
ing ships, is by the transmission of sound, which, though far 
from being very accurate, is found in general to answer the 
purpose, and is attended with least trouble and difficulty. On 
account of its utility, and being so generally adopted, we shall 
enter somewhat fully into the detail of this method. 



ON THE VELOCITY OF SOUND IN AIR AND WATER. 

(From the Encycolpcedia Meiropolitana, by Sir John Hersehel.) 

Sound is not instantaneously conveyed from the sounding 
body to the ear ; it requires time for its propagation. This 
is a matter of the most ordinary observation. We hear the 
blows of a hammer at a distance a very sensible interval of 
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time after we see them struck. The report of a gun is always 
heard later than the flash is seen, and the interval is longer 
the more distant the gun. We estimate the distance of a 
thunder storm by the length of the interval between the light- 
ning and the thunder-^lap, which often arrives when we have 
ceased to expect it. The report of the meteor of 1783 was 
heard at Windsor Castle, ten minutes after its disappearance. 
This is probably the longest interval yet observed. 

A great mukitiide of eiqperiments hiave been made to deter- 
mine the precise velocity of sound. The earlier resabs differ 
more than might have been expected, from the influence of 
several causes not inunediately obvious, but chiefly from want 
of due attention to the influence of the wind. It is evident 
from the mechanical concussion attending loud noises, that 
sound consists in a motion of the air itself, communicated along 
it by virtue of its elasticity, as a tremor runs along a stretched 
rope. If, then, the whwe body of the air were moving in a 
contrary direction with the velocity of sound, it would never 
make its way against the stream at all; and, on the other 
hand, when the wind blows from the sounding body direct to- 
wards the ear, it is equally clear that the velocity of the wind 
itself will be added to that of sound in still air. If a stone be 
thrown into a still lake, the waves spread with equal rapidity 
in all directions, in circles whose centre is the stone. If into 
a running river, they still form circles, but their centre is car- 
ried down the stream; and, in point of fact, the wave arrives 
opposite to a point of the bank above the place where the stone 
fell, later than a point at the same distance below it, in pro- 
portion to the rapidity of the stream. Hence all experiments 
on the velocity of sound ought to be made, if possible, either 
in calm weather^ or in a direction at right angles to that of 
the wind. 

The assumption of 1300 feet per second, for the velocity 
of sound, by Roberts (Phil. Trans. 1694 J, and the inaccu- 
rate determinations of Mersenne, Bayle, and Walker, (Phil. 
Trans. 1698 J, which give respectively 1474, 1200, and 1305 
feet (the latter by a mean of twelve experiments, disagreeing 
no less than 370 feet, inter se)^ scarcely deserve more men- 
tion than the rude guesses of Roberval and Gassendi, which 
differ by an amount nearly equal to the whole quantity to be 
measured; the former fixing it at 560 feet, the latter at 1473. 
The first experiments whidi appear to have been made with 
any degree of care, were those instituted by the Florentine 
Academy, Del eimento. It was observed in these, that in a 
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distance equal to 5739 English feet, the sound of a harquebuss 
arrived five seconds after the fla&^; and repeating toe ex* 
periment at half Uie distance, they found exactly half the time 
to be required. This gives for the velocity of sound 1 148 feet 
per second. 

Cassini, the elder, Heard and Roemer, from experiments 
made at a distance of 1280 toises, as related by Duhamel in 
the Hist, de VAcad. Par.^ assi^ 1172; while Flamsteed and 
Halley, firom a series of observations at the Royal Observatory, 
the origin of the sound being three miles distant, concluded 
the velocity to be 1 142 feet per second. 

In a paper communicated to the Royal Society in 1708, by 
Dr Derham, the subject of the vdoeity of sound is investigated 
more folly and distinctly than had before been done, and with 
some degree of atteotion to a variety of circumstances which 
appear lU&ely to influence its propagation. These are chiefly-^ 

1. The direction and velocity of the wind. 

2. The amount of barometric pressure. 

3. The temperature of the air through which the sound is 

conveyed. 

4. Its hygrometrical state of moisture and dryness. 

5. The actual weather, whether fog, rain, snow, sunshine, 

&c. 

6. The n^ure of the sound itself, whether produced by a 

blow, a gimshot, the voice, a musical instrument, its 

E'tch, quality, and intensity. 
3 original direction impressed on the sound by turn- 

ing, for instance, the muzzle of a gun one way or the 

Qt£er. 
.8. The nature and position of the surface over which the 

sound is conveyed, whether smooth or rough, horizon-- 

tal or sloping, moist or dry, &c. 
To all these circumstances, except the wind, Derham at- 
tributes no effect; and in fact none of them, except the tem- 
perature of the air, have been ascertained to exercise any ma- 
terial influence on the velocity; though many, indeed all, have 
a very powerful one on its intensity, or the loudness of the 
sound, as it reaches the ear from a given distance. The quan- 
tity of aqueous vapour, indeed, ought (as we shall see) to af^ 
feet the velocity, but in a degree only appreciable in the most 
delicate experiments. Derham concludes, from the whole of 
his observations, that sound is propag:ated at the rate of 1 142 
feet per second, agreeing mth thV^esult of Flamsteed and 
Halley, and with that oi the Florentine academicians; and as 
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the distances of the stations employed were considerable, in 
one case amounting to upwards of twelve miles, this deter- 
mination appears deserving of some reliance, llie tempera- 
ture, unfortunately, was not registered; so that the experi- 
ment loses much of its value from the impossibility of applying 
with certainty the requisite correction. 

In 1737-1738, the Academy of Paris directed a reinvestiga- 
tion of the subject; and Messrs Cassini, de Thury, Maraldi, and 
La Caille, who were at that time engaged in the triangulalion 
of France, were charged with the conduct of the experiments; 
an account of which, by Cassini, is to be found in the volumes 
of the Historie de V Acad, for the latter year, and for 1739. 
Their observations were carefully made, and the distance of 
the stations was considerable (from 2931 to 16079 toises). 
In these experiments we iSnd the first example of observations 
so disposed as to eliminate in some measure the disturbing 
effect of the wind. To apprehend how this may be done, let 
us suppose a current of wmd to blow uniformly with any velo- 
city from one station, a, to another, b, at any distance, and at 
these two stations let shots be fired. The sound of the shot 
fired at a will then be accelerated, and that of the signal at b 
will be retarded, in traversing the interval, by equal quanti- 
ties; and consequently (since the velocity of sound is very 
much greater than that of the most violent wind), the time in 
which the sound runs over the line ab will be diminished, 
and that in which it traverses b a increased, by equal quan- 
tities, so that the mean will be unaffected by the wind's velo- 
city. 

It is evident, however, that any want of uniformity in the 
rate of the wind will destroy, so far as it goes, the precision of 
the result so obtained; and that, in consequence, if the corres- 
ponding signals are not strictly simultaneom^ so as to make 
the sound traverse the same identical portion of the aerial cur- 
rent, a great part of the advantage of this mode of experiment- 
ing is lost. M. Arago has indeed remarked, that even in that 
case, if the wind be very irregular, and in sudden gusts, it 
will still affect the result. To conceive which we will suppose 
a gust of wind to arrive suddenly at the station a, at the mo- 
ment of firing the signals both at a and b. The sound which 
proceeds in tne direction ab, as it runs. quicker than the wind, 
will leave it behind, and be propagated at every point of ab 
in still air, before the agitation of the wind has had time to 
reach it. On the other nand, the sound from b will meet the 
wind; and during the latter part of its course at least, will be 
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propagated in a moving atmosphere. Still, it will be observ- 
ed, that it can be only the latter part of its course which can 
be thus affected, less, at all events, than one-tenth of the whole 
space; and the effect during that tenth being to retard the 
sound by one-tenth, at most of that interval, will produce a 
total effect, not exceeding a hundredth of the whole time of 
traversing ab; and consequently, will affect the mean of the 
two deduced velocities, by a quantity not exceeding a two- 
hundredth part of its value, or about nve feet per second. 

One very material difficulty in the way of former observers 
(Benzenberg excepted) lay in the want of adequate means of 
measuring withprecision intervals of time to a minute fraction 
of a second. Inis difficulty was obviated in the experiments 
of the French commissioners, by the use of the stop-watch of 
Breguet, and the chronograph of Rieussec — a species of watch, 
one of whose hands performs a revolution per second, and can 
be made to touch with its extremity the dial-plate at any in- 
stant, and leave there a dot, without interrupting its motion 
of rotation, by the sudden pressure of a small lever ; to effect 
which it carries with it a drop of printer's ink in a peculiar and 
ingenious species of dotting pen. In the Dutch experiments, 
a clock with a conical pendulum was used, capable of deter- 
mining intervals to the hundredth of a second, by suddenly sus- 
pending the motion of the index, without stopping the clock. 
By the use of these instruments, it was found practicable to 
ascertain the interval between the sight of the flash and the 
arrival of the report of a gun with such precision as to destroy 
all material error in the result which might arise from this 
cause; an improvement of great importance, when we consi- 
der that an error of a single tenth of a second in the measure 
of time is equivalent to 110 feet in that of distance. 

The close agreement of the results of these experiments is 
a convincing proof of their accuracy. The French philoso- 
phers state 331 '05 met. = 1086«1 feet, as the velocity of pro- 
pagation of sound in air of the temperature of freezing water ; 
while the Dutch experimenters make it 332-05 met. = 108942 
feet in perfectly dry air of the same temperature. The latter 
seems to deserve the preference, if only from the circumstance 
of the signals from which it is deduced having been strictly si- 
multaneous, the guns at the two extremities of the line (9 miles 
in length) having been fired at the same second of time, while 
in the former series this exact coincidence was not obtained. 

We subjoin a list of the results arrived at in the various de- 
terminations above enumerated, with their dates, the distances 
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BXPERIMBNTS IN WATER TO DETERMINE THE VELOCITY OF 

SOUND« 

A series of experiments on the velocity of sound in sea taaier 
was instituted by M. Beudant, at Marseilles, by striking a 
bell at a distance under water. The mean result gave 4921 
feet per second for the velocity. 

A more careful and more exact determination was under- 
taken and executed in 1826, by M. Colladon, in the lake of 
Geneva. After trying various means for the production of 
the sound, as the explosion of gunpowder, blows on anvils, 
and bells, the latter were preferred, as giving the most instan- 
taneous, and, at the same time, most intense sound, the blow 
being struck about a yard below the surface by means of a 
metsdlic lever. The experiments were all made at night, to 
avmd the interference of extraneous sounds, and for the better 
obs^mag of the signals made at eadi blow by the flash of 
gunpowder. 

llie result of his experiments (the wateic being at the t^n- 
perature of 46^ 6^ Fahrenheit) gave the velocity of sound in 
the water of the lake of Geneva, 1435 metres = 4708 feet 
per second. 

Having gone through the account of the experiments for 
the determination of the velodty of sound, the following ex- 
amples will, it is presumed, clearly point out how the distance 
between two places is to be ascertained, by noting the interval 
of time between the flash and report of a &^n. 

April 4, 1827. — In latitude 13** 6' N., fight airs and cloudy 
weather, a gun was fired on board the surveying ship at 
anchor, whilst the time was noted by two chronouMiters on 
board the assistant vessel, also at anchor. The mean of seve- 
ral experiments gave the elapsed time (carefully noted by 
three observers) between the flash and report = 27^ seconds. 
Then supposing the velocity of sound to oe 1 142 feet per se- 
cond, the work will stand thus: — 

1142 
27-25 

5710 
2284 
7994 
2284 

■ ' > ■ 



31119.50 feet, distance of the vesseli 
from each other. 
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But if 1090 feet be taken as the velocity of sounds then 

1090 
2725 

5450 
2180 
7630 
2180 

29702.50 feet. 

It will be seen that a difference of 52 feet in the velocity of 
sound produces no more than an error equal to the elapsed 
time multiplied by that difference =z 1417 feet. 

Example II. 

April 5, 1827.— In latitude 12'' 55' N., light breeze, ther- 
mometer being at 80° Fahrenheit, the vessels again aaduned 
to measure a base line, the elapsed time between the flash and 
report was 26^ seconcb. 

At 32° Fahrenheit the velocity of sound is 1090 feet per 
second; therefore, allowing 1*14 feet for each degree of tem- 
perature above the freezing point, the velocity of sound at 80° 
wiU be found thus: — 

80<5 
32<* 



480 
Multiply by 1.14 



192 
48 

4a 

5472 



Then to 1090 
Add 54.72 



Velocity of sound =a 1144-72 at temperature of 80*' F, 
Elapsed time, . 26.25 

572360 
228944 
686832 
228944 

30048.9000 distance between the vessels. 
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It may be remarked, tliat the accuracy of the result depends 
much more upon the time which elapses between observmg 
the£ash and hearing the report, than upon the number as- 
sumed as the velocity of sound ; for an error in time, if even 
so small a quantity as the tenth of a second, must produce an 
error in distance of not less than 109 feet* 

To illustrate this, take the preceding example, and suppose 
that ^ of a second is lost in noting the interval, then 

1144.72 

26 elafksed time 

686832 
228944 



29762.72 feet distance. 

Hence the error upon the whole amounts to 286*18 feet* 

From these remarks, it is obvious that the chances of error 
in measuring a base Une by this method are very great; and, 
indeed, imtu some means be devised for taking the time more 
accurately than any we now possess, this memod can at best 
be considered but an approximation to the truth« 



We have already alluded to a method of finding the latitude 
and longitude of places on the earth's sur&ce by trigonometri- 
cal calculation, wnen the latitude and longitude of some other 
place not very remote is known, and we shall now show how 
this is to be done. 

Let ABC (fig. 50) be a triangle, of which the side bc = 6083-3 
feet, the angle ABC = 60° 15', acb = 49° 52', and consequent- 
ly BAC = 69° 53'; and let the longitude of b be 24° 15' 30" 
west, and its latitude 56° 58' north: also let the azimuth of b 
from the meridian, or the angle bas, be 44° 12'. It is re- 
quired to find the latitude and longitude of a? 

In the triangle abc, of which the side bc = 6083*3 and all 
the angles are known, find the side ab« 

As sine bac 69^ 53' . , , . 9-9726629 
Is to sine acb 49° 52' . . . 9-8834039 
So is BC 6083.3 3.7841392 



13.6675431 
To AB 4953.14 .... 36948802 

Through the point a draw the meridian line ns, and from 
the point b draw bd perpendicular to ns, meeting it in d; then 
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AD is the difference of ladtade, and bd the difference of longi- 
tude of a and b. 

In the rigfat-«ngled triangle abd, of whicK the aide ab = 
4953*14, and the angle bad =s 44° 12' are given, find the 
ndes bd and ad* 



To find BD. 
As radius . . . 10-0000000 
Is to sine a 44^ 12' 9.8433356 
So is AB 4953.14 . 3-6948802 



To BD 3453.15 



13.5382158 
3.5382158 



To find AD. 
As radius . . . 10-0000000 
Is to COS. A 440 12^ 9-8554650 
So is AB 4953.14 . 3.6948802 



To AD 3550.95 



13.5503452 
3.5503452 



To reduce the difference of longitude bd = 3453*15 thus 
found to degrees, it will be necessary to find the length of a 
degree of longitude in the given latitude 56° 58', which mav 
be done by the following proportion : — As radius is to the leng^ 
of a degree upon the equator, so is the cosine of the given la- 
titude to the lengili of a degree in that latitude* Having in 
this way found the length of a degree of longitude, reduce it 
to feet, and by that number divide 3453*15, which will g^ve 
the difference of longitude in decrees or parts of a degree* 

For reducing the difference of latitude ad = 3550*95 to de- 
grees, it will in general be sufiScient to consider all the decrees 
of latitude as equal, and to divide the given difference of latitude 
by 69*15 miles = 3651 10 feet. But as die earth is not a per- 
fect sphere, it may be necessary, for tiie sake of greater accu- 
racy, to make a correction for the compression at the poles, 
which is generally reckoned = i-. 

To facilitate these processes, the following table, computed 
irom a formula of Mr Baily, which shews uie length of a se- 
cond of longitude and latitude in English feet at the earth's 
surface, wifl be found very convenient. In this table the 
equatorial diameter of the earth is assumed = 7924 miles ; a 
degree of longitude, therefore, at the equator will be equal to 
69*15 mUes =: 365110 feet, and hence a second of time at the 
equator =152 1*3 feet. 
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SMondof 


Sceoodof 




SeeondoT 


SMondoT 


Lat. 


Longitadeu 


Latitude. 


Lat. 


LODKltUdA. 


Latltndo. 


o 


FEET. 


FEET. 


o 


FEET. 


FEET. 





101.42 


101.42 


35 


8317 


101.75 


1 


101.40 




36 


82.15 




2 


101.36 




37 


81.10 




S 


10128 




38 


80.02 




4 


101.17 




39 


78.92 




5 


101.03 


101.43 


40 


77.80 


101.84 


6 


100.87 




41 


76.65 




7 


100.67 




42 


75.48 




8 


100.44 




43 


74.29 




9 


100.18 




44 


73.07 




10 


99.89 


101.45 


45 


71.83 


10193 


11 


9957 




46 


70.57 




12 


9922 




47 


69.29 




13 


98.84 




48 


6799 




14 


98.43 




49 


66.66 




15 


97-99 


101.49 


50 


65.32 


102.02 


16 


9752 




51 


63.95 


• 


17 


9702 




52 


62.57 




18 


96.49 




53 


61.17 




19 


95.44 




54 


59.75 




20 


95.36 


101.54 


55 


58.30 


102.11 


21 


9474 




56 


56.84 




22 


9409 




57 


55.37 




23 


93.41 




58 


53.87 




24 


92.70 




59 


52.36 




25 


91.97 


101.60 


60 


50.84 


102.19 


26 


9121 




61 


4930 




27 


9043 




62 


4774 




28 


89.62 




63 


46.17 




29 


88.77 




64 


44.58 




30 


87.90 


101.67 


65 


42.98 


102.26 


31 


87.01 




66 


41.37 




32 


86.09 




67 


39.74 




33 


85.14 




68 


38.10 




34 


84.17 




69 


36.45 





To apply this table to the preceding example, — Enter the 
table witn the latitude of b, 56^ 58', and take out the length 
of a second both of latitude and loneitude, and by these di- 
vide the difference of latitude and bngitude already found, 
viz. BD = 3453*15, ad = 3550*95, and the quotients will be 
the difference of longitude and latitude required. Thus : — 
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BD=: 3453.15 



A sec. of long, from tab. 55-42 

AD = 3550.95 



r= 02''.309 = V 2'^309 diif. of longitude. 
= 34". 775 difference of latitude. 



A sec. of lat. from tab. 102- 1 1 
Hence 

Long, of B = 24° 15' 3(y' West. 
Difference, 1 2.309 East. 



Long, of A = 24° 14'27"-691 West. 

Lat. of B =56° 58' OO'' North. 
Difference, 34.775 North. 



Lat. of A 56° 58^ 34.775 North. 



It will now be understood how the measurement of a base line 
ought to be conducted, either on shore or on the water; but 
it is no less important that the direction of the base with re- 
gard to the true meridian should be laid down. To accomplish 
this in a scientific manner would require the aid of a transit, 
or azimuth and altitude instrument, as the nice determination 
of a meridian line is the first consideration on erecting an ob- 
servatory; but for nautical purposes, so great a degree of re- 
finement need scarcely be observed. It is the general prac- 
tice, when on survey, to take a set of angles between every 
object right round tne compass, every day at sun rise and sun 
set; commencing, in the first place, with the angle between 
the sun's centre and a well-defined object on land, with a sex- 
tant, when the sun's semi-diameter is on the horizon, which 
must be carefully guessed at, making due allowance for the 
great refraction at that time. When his lower limb is just 
touching the horizon will be the proper time to take the angle, 
because his semi-diameter is then, m reality, on the horizon, 
being elevated so much above it by the effect of refraction. 
His amplitude being found by methods which will be here- 
after given, the true bearing of the fixed object is thus ob- 
tained; consequently, all the other objects will, in like man- 
ner, hold a relative position with regard to the true north; and 
in this way may the angle between the extremity of the base 
and the meridian be found. We may also apply the sun's azi- 
muth to determine the direction of the base, by measuring the 
angular distance between the sun and one of its extremes; but 
when a sextant is employed for that purpose, the altitude of the 
sun ought to be small. The horizon must be unobstructed by 
land, wnen a true bearing, or the sun's amplitude, is sought. 
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VARIATION OF THE COMPASS, 

To find the variation of the compass by observed magnetic 
amplitude of the sun^ or of a star. 

The solution of this problem depends upon finding the hy- 
pothenuse of a right-angled spherical triangle, in which one 
side (the declination of the sun or star) and an angle (the 
co-latitude) are given. 

Rule. 

From the logarithmic sine of the declination (the index be- 
ing increased by 10) subtract the logarithmic cosine of the 
altitude, the remainder is the logarithmic sine of the true 
amplitude, to be reckoned north or south, according to the 
name of the star's declination; then, if the true and observed 
amplitudes be both north, or both south, their difference is the 
variation; but if one is north, and the other south, their sum 
is the variation. And to know if it be east or west, let the 
observer look directly towards the compass representing the 
true amplitude; then, if the observed amplitude is to the left 
of the true, the variation is easterly, but if to the right, it 
is westerly. 

Remark, — The magnetic bearing of the object must be taken 
when its apparent altitude is equal to the depression of the ho- 
rizon. 

Examples. 

The latitude being 18° 40' norths the star Sirius was olh- 
served to set 24° 10' to the southward of the west point of the 
compass. Required the variation ? 

Declination of Sirius, 16° 27' S. sine 19-45206 
Latitude, . . . 18° 40' co-sine 9-97653 



True amplitude, W., \7^ 2W S. sine 9-47553 
Mag. amplitude, W., 24° lO' S. 

Variation, ... 6° 47' 

which is east, because the observed amplitude is to the left hand of the 
true. 
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Example II. 



In latitude 48^ 20^ northy the star Rigelwas observed to set 
9^ 5(K totke northward of the west point of the compass. Be- 
quired the variation? 

Declination of Rigd, . 8o 25^ S. sine 19.16545 
Latitude, 48<> 2(y cosine 9*82269 



Star's true amplitude W., 12<> 43' S. sine 9.34276 
Magnetic amplitude, W., 9^ W N. 

Variation 22^33' 

which is west, because the observed amplitude is to the right hand of the 
true amplitude. 

Example III. 

Required the suvts true amplitude in latitude 21*12 N.^ 

when his corrected declination is 16^ 2' S.? 

Sun*s declination, . . 160 2^8 sine 19-44122 
Latitude 21^ 12" N co-sine 9.96957 



True amplitude, W. 17® 14' S. sine '947165 

To find the variation of the compa^s^ having the true altitude 
of the sun^ or of a fixed star, and its magnetic azimuth^ the 
latitude of the ship and the declination being known. 

To compute the true azimuth, we have given the three sides 
of a spherical triangle, viz. the co-latitude, the zenith distance, 
and the polar distance, to find the angle at the zenith between 
the zenith distance and the co-latitude. 

Rule. 

Add together the polar distance, the zenith distance, and the 
co-latitude, and take naif the sum; the difference between which 
and the polar distance call the remainder. Subtract the sum 
of the W. sines of the zenith distance and co-latitude from the 
sum of the log. sines of the half sum and remainder (increas- 
ing their index by 20), and half of this result will be the co-sine 
of half the true azimuth; to be reckoned from the north in 
north latitude, but from the south in south latitude. 

Then, if the true and observed azimuths are on the same 
side of the meridian, their difference is the variation, but if on 
different sides, their sum is the variation. Now, if the observed 
azimuth is to the left of the true, the variation will be easterly, 
but if to the right, the variation will be westerly. 



MARINE SURVEYING. 107 



EXAMPLB. 



In latitude 48^ 50' norths the true altitude of the sun's cen* 
tre toas 22^ 2'; the declination being 10^ 12' south, and its 
magnetic bearing ^. 161^ 32' E. Required the variation f 

Polar distance, lOO^ 12^ 

Zenith distance, 67 58 Sine 9.9670637 

Co-latitude, . 41 10 Sine 9.8183919 



Sum, . . 2090 20^ 19.7854556 



^Sum, . 104 40 Sine 9.9856129 
Remainder, 4 28 Sine 8.8914209 



38.8770338 
2)19.0915782 



690 25' 40^' . . 9.5457891 Co-sine i sun's true azimuth. 
2 



N. 138° 51' 20" E., sun's true azimuth. 

N. 161 32 E., observed magnetic azimuth. 

Variation, 22° 40^ 40^' West, because the observed azimuth is to the 
right of the true azimuth. 

The arithmetical complements of the sines of the zenith 
distance and co-latitude might have been used instead of the 
log. sines, in which case half the sum of the four log. sines 
would have siren the co-sine of half the sun's true azimuth. 
The arithmetical complement of a logarithm is found by sub- 
tracting each figure of the logarithm from 9, except the last 
figure, which is to be subtracted from 10, beginmng at the 
left hand figure. Thus: — 

9.99999910 
9.8183919 



0.1816081 

Method II. 



Add together the polar distance, the zenith distance, and 
the co-latitude, and call their sum a. To the log. sine of 
half A minus the zenith distance, add the log. sine of half a 
minus ike co-latitude, and their sum (the index being increased 
by 20) call b. 
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To the log. Bine of half a add the log. sine of half a minus 
thepolar distance, and caM the sum of these two logs. d. 

from B subtract d, and divide the remainder by 2, the quo- 
tient will be the log. tangent of half the object's true azimuth, 
as before. 

Takb last Example. 

Polar distance, . . . lOO^ IS' 
Zenith distance, 67 58 

Co-latitude, .... 41 10 



2)20»o 20' 



J A « 1040 40' 
i A minus the zen. dist., = 36 42 Sme 9.7764289 
I A mintM the co-latitude, 63 30 Sine 9.9517912 

89.7282201 . . b 

iA=:l04^4(y Sine 9.9856129 
} A mintM the polar dist., 4 28 Sine 8.8914209 

18.8770338 . , d 
2)20.8511863 = 8 — D 

690 25' 40" . . . 10.4255931 s= tan. ^ sun's true az. 
2 



138° 51' 20" =s sun's azimuth, as before. -- 

To find the meridian line, or that in which the plane of the 
meridian intersects the horizon of any place. 

When a star is on the east side of the meridian, and at any 
altitude, bisect the star with the middle wire of the telescope, 
and clsonping it tight, observe what point or object on the 
horizon is in the same vertical circle, or has a corresponding 
azimuth with it. 

Then turning the instrument steadily round, without put- 
ting the telescope in the slightest degree out of the vertical, 
cover the instrument up, and set a person to guard it, until the 
star shall have arrived at the same altitude again on the west 
side of the meridian. Previous to its arrival at the central 
wire as before, carefully examine the level of the instrument; 
and, after observation, mark any other point on this side of 
the meridian which may appear in the same vertical with the 
star; then a line bisecting the arch subtended by these two 
points will be the meridian line. But to ensure greater ao- 



MARINE SURVEYING. 109 

curacy, and to prevent the chance of losmg the evening obser- 
vation, when one altitude only is observed, which may happen 
by the sudden formation of a cloud over the star at the mo- 
ment he is about to enter the field of the telescope, it is ad- 
visable to note several altitudes on both sides of the meridian, 
and arrange them in corresponding pairs, beginning with the 
two smallest altitudes, which will be the first in the morning 
opposite to the last in the evening, and so on to the two 
greatest. By this arrangement, should one altitude be lost 
m consequence of intervening clouds, or otherwise, there will 
still be several pairs left to complete the work. Another ad- 
vantage attending this method is, that any errors arising firom 
the imperfections of the instrument will probably counteract 
each other; and should it be found that the meriman deduced 
from any pair of equal altitudes does not correspond exactly 
with that deduced firom every other pair, a mean of the whole 
may be taken, which will give the meridian very near the 
truth. 

The application of equal azimuths tojind the true meridian. 

These must be opposed to each other in pairs just in the same 
manner as corresponding altitudes, the first in the morning to 
the last in the evening, and so on of the rest. Then deduct- 
ing the one firom the other, and applying half the difference 
between the two to the smallest number in each pair, it will 
^ve a number of degrees, minutes, and seconds, m which, if 
all the observations were perfect, the whole six pair would 
coincide; and if they do not, the fidr mean deduced firom 
among them will approach nearly to the truth. 

To that mean point, deduced firom these observations, the 
instrument must now be turned, and fixed there till the proper 
correction can be applied to it; and direct the telescope down 
to the horizon each way, and note what distinct object, either 
to the north or south, coincides with one of the perpendi- 
cular wires. If no sudi object be found, set up a mark each 
way, or either way, to which keep the instrument directed till the 
correction can be investigated which is requisite on account of 
the change of the sun's &clination during the interval between 
the mommg and evening observations, as any alteration in his 
declination will affect the azimuth deduced in this way as it does 
the hour. This correction is the greatest about the time of the 
equinoxes, on account of the rapid change of the sun's declin- 
ation at that time. When a star's azimuth is observed, ho such 
correction is requisite. 
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To find the correction fi>r change of sun's declination 

between the observations, 

RULB 

To the log. of half the change of dedination, add the log. 
secant of the latitude, and the log. co-6ecant oi half the inter- 
val of time converted into degrees, &c., the sum minus 20, will 
be the log. of the correction in seconds of space. 

When the sun is advandng towards the elevated pole, the 
middle point or meridian, as found by equal altitudes, will be 
too much to the west of the true meridian by the amount of 
this correction, and vice versa when he is receding from the 
devated pole; therefore, the telescope being shifted in anntnth 
by the quantity thus computed, will be correctly placed in the 
meridian. 

Example. 

On February 28, 1834, when the sun had equal altitudes, 
his azimuth was found to be 130** 10' 15", and 32^ 36' 15"; 
therefore the middle point, or reading of the approximate me- 
ridian, was 81^ 23' 15''. The interval of time between the 
observations was five hours, the half of which converted into 
arc =37^ 30'. The sun's hourly chanTO of declination = 
56"*77; therefore the change for half the mterval = 141"*92, 
(approaching the north pole). The latitude of the place, = 51^ 
28' 39". Kiequired the correction to be applied to the middle 
point to obtain the direction of the true meridian? 

Halfthe change of declination, . 141'^92 Log. 2.1510436 
Latitude of the place, . . . . 51<> 28^ 39'^ Sec. 0.1065913 
Half interval of time between observa- 
tions, 37^ 30" Co.sec. 0.2155529 

297".29Log. 2.4731868 
= 4' 57".29 

Reading of the middle point, 810 23^15^ 

Correction, — 4'57"-29 

Reading of the instrument when set to the true meridian, 81*1 8. 17*71 

If dependance can be placed upon the time shown by a 
watch or chronometer, compute the time of the meridional 
passive of the pole star, or a star near the pole^ either above 
or below it, then point the telescope of the instrument to the 
star, and bisect it at the exact moment, when, if the adjust- 
ments of the instrument are perfect, the telescope will be in 
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the plane of the meridian nearly; or we may mechanically fix 
a meridian line, by suspending two pimnmets at a distance 
apart, and one of them so contrived mat its position may be 
easily changed from side to side ; then (havinff previously com- 
puted the tmie of the pole star's passage over me meridian) pro- 
ceed to the moveable plummet, and at the exact moment wnen 
the star is on the meridian, move the inner plumb line until 
the star and the two lines are made to coincide precisely in the 
same line with each other: the two plummets will then be in 
the meridian line; and if they were made to swin^ in water, 
it would materially check the vibrations whidi might be oc- 
casioned by the air. 

Tojmd the trtie meridian by a circumpolar star. 

If the observer can depend with confidence on the time 
shown by chronometer, let him bisect a circumpolar star when 
at its greatest eastern or western elongation, then read off the 
azimutn, and note some remarkable object with respect to the 
star's azimuth, or erect a pole with a lantern on it at some dis- 
tance. Having thus obtamed its azimuth, the angle between 
it and other objects can be taken at leisure. 

If the time eannot be relied upon, compute the azimuth of 
the star when at its greatest elongation in the following man- 
ner: — 

From the log. sine of the polar distances, subtract the log. 
co-sine of the httitude; the remainder will be the log. sine of 
the azimuth required. 

To compute the time when a circumpolar star will attain its 
greatest elongation, bejbre or after its meridional passcye, 
either east or west. 

Add together the log. tangent of the polar distance and the 
log. tangent of the latitude, their sum, rejecting ten firom the in- 
dex, will be the log. co-sine of the hour angle nn space) ; which, 
divided by fifteen, will be the siderial time when a star attains 
its greatest elongation before or after it passes the meridian 
at its upper cuunination; therefore, having the time of the 
meridionm passage, the time of its greatest elongation will be 
known. 

Having the time of the star's greatest elongation, follow it in 
its slow motion until it is stationary as before, and mark the azi- 
muth, or if the star can be seen all night, a line bisecting the hori- 
zontal interval between its greatest eastern and western elonga^ 
tion, will be the direction of the true meridian. To make use 
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of the last methods, it is necessary that the polar distance of 
the stars should be less than the co-latitude of the place of 
observation to determine the direction of the meridian. 

Having determined the direction of the true meridian by 
either of the foregoing methods, it remains to be shown in 
which manner the angle between the extreme of a base line 
and the meridian line may be most correctly laid down. To 
those who have had experience in protracting lines and angles, 
it will be well known that the side of a triangle can be more 
easily and correctly protracted than either of its angles, even 
admitting the aid of the most delicate and well-constructed 
protractor. It is from this cause, therefore, that a derided 
preference must always be given to the computed, instead of 
the protracted sides, in the triangulation of a survey ; but as it 
is aosolutely necessary to lay down the angle between the 
magnetic direction of the base line and the true meridian, the 
utmost exactness must be observed, and the following method 
will be found the most accurate and convenient: 

Let AB (fig. 51) be the base line, ns the true meridian, and 
let the angle ban be 50^ 26\ From any diagonal scale, whose 
accuracy can be depended upon, take the radius ae =: 10, and 
describe the arc en. From the same scale take ac, exactly 
equal to the half of en or 5, and describe the arc cd. Join 
the points ae and cd. It has already been demonstrated 
(Property i. page 5) that the chord of an arc is double the 
sine of half that arc; therefore en == 2 sin. ^ ban to the radius 
ae, and cd = 2 sin. i ban to the radius ac. But since ac 
= ^ AE, CD = ^ EN (Euc. vi. 4), therefore cd = sin. ^ ban 
to the nidius ae. If, then, ae be assumed equal to the radius 
of the tables, cd is the natural sine of half the azimuthal angle 
ban. In the Table of Natural Sines, find the sine of ^ ban 
= 25^ 13^, and take that distance from the same scale as ae; 
then, with that distance, from the centre c, intersect the arc 
CD in the point d, and through d draw adn, which will be the 
meridian fine. It will be observed that in practice the arc 
EN is not necessary, and that all that is requisite is to take ac 
= 5, with it to describe the arc cd, and, from the same scale 
as AC is measured, to make the line cd equal to the natural 
sine of half the given angle. 

The above method of laying off arcs or angles by means of 
their chords, affords the means of dividing a circle into degrees 
and minutes with considerable precision. And as it may be 
convenient to the surveyor to be able to construct a scale for 
himself, instead of using a protractor, which, at best, is not a 
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very accurate method, we will point out the maimer in which 
this is to be done. 

Describe a circle with a radius equal to 5, that is, equal to 
half the radius of the tables, which is assumed equal to 10; 
then, since (Property ii. page 5) the chord of 60^ is equal to 
the radius of the circle, with the radius 5 step round the circle, 
making a slight mark at each step; this will divide the circle 
into six equsd parts, each containing 60^. 

Next, from the Table of Natural Sines take the sine of ld^» 
which, to radius 5, as was shown above, will be equal to the 
chord of 30^. With this distance step round the circle, begin- 
ning at the same point as before, and this will bisect each 60^, 
or £vide the circle into arcs of 30° each. 

In the same manner, by taking the natural sines of 10°, 
7° 30% 3° 45^ 3° 2(y and 3°, the circle may be divided into 
arcs of 10°, 5°, 1°, 30^, 10% which last division is almost as 
£Eir as it is possible to go. Anv arc less than 10^ must be 
guessed at, and probably it will oe safer to estimate so small 
a quantity by the eye than to carry the subdivisions to a 
greater degree of minuteness. 
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SURVEYING PROBLEMS. 



TO FIND THB POSITION OF THB SHIP FROM TWO PROTRACTED 
ANGLES MEASURED BETWEEN THRBB FIXBD OBJECTS* 

Previous to entering into a demonstration of the vsffiaus pro- 
blems connected wim Marine Surveying, it will be necessary 
to understand the method of finding a segment of a circle that 
shall contain any given angle. 

Case I. 

Let it be required to find a segment of a circle which shall 

contain an angle of 90^, 

Bisect the straight line ab in g (fi^. 52), then with g as a 
centre, and radius ga or gb, describe the semicircle adb. From 
A and B draw any straight lines, ad, bd, to meet in a point d, in 
the circumference. Then by (Euclid iii. 31) the angle adb 
is a right angle, and by a line of chords will oe found equal to 
the required angle. 

Case II. 

When the segment is required to contain an angle less than 

a right angle, suppose 60°. 

At the point a, on the straight line ab (fig. 53), make an 
an^le, bag, equal to the given angle 60°. From a draw af at 
ri^t angles to ac, bisect ab in g, and firom g draw gf per- 
pendicular to AB and meeting af in f ; join fb. Then, be- 
cause AG is equal to gb, and gf common to the two triangles 
AGF, BGF, and the angles agf, bgf are equal, being right angles 
(Euclid i. 4), AF is equal to fb, and a circle described wi3i f 
as a centre, and fa as a radius, will pass through the point b. 
Let this be the circle adb. And because ac is perpendicular 
to AF, AC touches the circle at the point a (Euclid iii. 18), and 
since ac touches the circle and ab cuts it (Euclid iii. 32), the 
angle cab is equal to any angle in the alternate segment of 
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the circle; it will therefore be equal to the an^le adb. But 
CAB is equal to the given angle, viz. 60^, therefore adb is also 
equal to 60^, and adb is the segment required. 

From this proposition it is manifest that since caf is a right 
angle, and cab, by construction, made equal to the^ven angle, 
baf = ABF is the complement of the given angle. K, therefore, 
from the extremities of the line ab, straight lines af, bf, be 
drawn, making with it angles baf, abf, each equal to the com- 
plement of the given angle, the point f where these lines meet 
will be the centre of the se&onent oontainins: an angfle equal to 
the given angle. ^ 6 S 4 

Case III. 

When the segment is required to contain an angle greater 

than a right angle^ suppose 120^. 

At the point a (fig. 54) on the straight line ab, make an 
angle, bac, equal to the given angle 120^. 

From A draw af at right angles to ac, bisect the line ab in 

G, and draw gf perpendicular to ab, meeting af in the point f; 

join fb. Then, as in the preceding case, af is equal to fb, 

and a drcle described from f as a centre, with radius fa, will 

pass through the point b. And because ac is at right angles to 

af (Euclid iii. 18) ac touches the circle at a. But ab is drawn 

cutting the circle, therefore (Euclid iii. 32) the angle cab is 

equal to any angle in the alternate segment adb. But cab 

is equal to the given angle 120^, therefore adb is also equal 

to 120°. 

In this case, since the angle cab is equal to the given angle, 

and caf is a right angle, fag = fbg is the diflFerence between 

90° and the given angle. K, therefore, at the extremities 

of the line ab, straight Imes af, bp, are drawn, :making with 

it angles fag, fbg, each equal to the diflference between 

90° and the given angle, the point f where these lines meet 

will be the centre of a segment, adb, containing an angle 

equal to the given angle. It will be seen that when the given 

angle is less than 90°, the segment adb (fig. 53) must be 

greater than a semicircle, and consequently the centre f must 

be within the segment. The angles baf, abf, must in that 

case be made on the same side of the line ab on which the 

angle adb will fall. But when the given angle is greater than 

90 , the segment adb (fig. 54) is less than a semicircle, and 

tlie centre f is without tike segment. In this case the angles 

BAP", abf, must be made on the opposite side of the line ab 

from, that on which the angle adb falls. 
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Having ^ven the method of finding a segment of a drele to 
contain a given angle, the next thing is to shew that two ob- 
jects will always subtend the same angle in whatever part of 
a segment an observer may be, providing that circle passes 
through the objects and the position he stands in; and if the 
angle measurea between them be less than 90°, the place of 
observation must be at some point in the greater segment of 
the circle, as in adb (fig. 53). But if the measured angle 
subtended by the objects be greater than 90° (fig. 54), uie 
place of observation must be somewhere in the lesser segment; 
and they will subtend the same angle in whatever part of their 
respective segments the observer may be. This will be evi- 
dent on an examination of fig. 55. 

Let ADB be a segment of a circle, containing 70°, and agb 
be a'segment of the same circle, containing 1 10°, and suppose 
an observer at n to have first measured the angle anb, and 
thence to have proceeded to d and m ; then by (Euclid iii. 21) 
the three angles, anb, adb, amb, being in the same segment^ 
are equal to each other, and by a scale of chords will be found 
each equal to 70° ; for the same reason, agb, agb, in the lesser 
segment, are also equal to each other, and by a scale of chords 
they will be found to measure an angle equal to 110° each. 

As the mere measurement of an an^le subtended by any 
two objects by a sextant would not enable us (unless a refer- 
ence to the meridian were made) to fix our position, and thence 
to calculate our distance from them, seemg that the obser- 
ver may have the same angle in every part of the segment; 
the next consideration is to point out the method of deter- 
ndning the station from which angles may have been mea- 
sured, by the intersection of lines drawn firom three objects, 
whose distances from each other must be known ; and that 
station mill be either ivithin or vnthout the triangle^ or in one 
of the sides, formed by drawing lines from one object to the 
other ; or it will be in a right line with two points, or two angles 
of the triangle: in which case they are said to be on, or in one 
with each other, and afibrd great facility in determining the 
station-point. 

When the distance between two remarkable objects is knoumy 
and protracted according to their magnetic bearing, we may 
find our position and distance from them in the following 
easy manner : — 

Let AB (fig. 56) represent two fixed points, distant 20 
miles from each other; at any point, p, with a good compass 
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take the correct bearing of one or both the objects; if one only, 
then measure the angiuar distance between them with a sextant 
or a theodolite. In this case, suppose a was found to bear 
from p, by a good magnetic needle, N. 8^ W., and the angu- 
lar distance, by a sextant, was found to be 51^, then, on a 
sheet of paper, lay down a line, ab, equal to 20 from a scale 
of equal parts; at a make an angle, bap, equal to 82^, being the 
difference between the magnetic bearing of a from p, and a 
right angle; then ISO® mirms (82° + 51^ will leave the angle 
abp = 47°. Protract the angle abp and draw out the line, and 
it will meet the line ap, in the point p, the station required; 
the side bp will measure 24-8, and ap 18 miles, nearly. The 
calculation is so evident as not to require any explanation. 

This method of finding the station of the observer is exceed- 
ingly simple, and affor£ a ready method of fixing different 
points both on land and on water, and may be extensively em- 
ployed by using the useful little instrument called a prismatic 
compass, ftdly described in the article on surveying instruments, 
page 62. 

in the next place, we will suppose that the mutual distances 
of three fixed objects on land are known, and, as in the first 
case, we will take them in a straight line with each other, and 
after finding the station of the ship by different methods of pro- 
traction suitable to each case, we will proceed to illustrate them 
separately, by such examples as occur in actual Marine Sur- 
veying. 

PROBLEM I. 

Having given the three points a b c (^g. 57), in a straight 
iine^ whose distances from each other are^ ab = 3, bc = 3-75, 
and the angles subtended by these objects from a certain posi- 
tion asjbllows, viz. by ab = 52°, and by bc 27°. Required 
the station whence the angles were observed^ and the distance 
from the three points respectively? 

Method I. — Geometrical Construction. (Fig. 57). 

Join AB, bc ; then on ab, as in case second (fig. 53), describe 
a segment to contain the subtended angle 52 , and on bc in 
like manner describe a segment that shall contain an angle of 
27°, and the point p, where these segments intersect each 
other, shall be the station whence the angles were measured; 
then join ap, bp, cp, and their measure from the scale of equal 
parts from which ab, bc were taken, will be the distances 
required. 
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Method II. — Geometrical Construction. (Fig. 58). 

When the sum of the observed angles apb, bpc, is less than 
90^, fiboid a segment adc (Case 2, fig. 53), that will contain the 
sum of the observed angles, = 79°, and in that greater segment 
the station must be, because the whole angle subtended by the 
extreme objects is less than 90°. Next describe a segment on 
BC that shall contain the angle subtended by those two objects, 
namely 27°; and the point p, where it intersects the other seg- 
ment, will be the station sought; and pa, pb, pc, the distances 
as before. This method only Offers from the last in having 
found a segment capable of containing the sum of the observed 
angles, instead of finding segments to contain them separately. 
For a demonstration of this problem we refer to case second, 
(fig. 53.) 

Method III. — Geometrical Construction. (Fig. 59). 

At A, on the opposite side of the straight line ac from that on 
which the observer is, make an angle cag, equal to the angle sub- 
tended by BC, viz. 27°; and at the point c, on the same &ide 
of AC, nuike an an&;le acg, equal to the angle subtended by 
ab, viz. 52°, and let ag and cg meet in the point g; then, 
about the triangle agc describe a circle agcb (Euc. iv. 5), 
join gb, and produce it to meet the circumference in p, which 
will be the station of the observer; join pa, pb, pc, and they 
will be the distances required. 

Demonstration. 

By construction the angle gag was made equal to the angle 
subtended by bc = 27°; now, by (Euc. iii. 21), the angle gpc 
is equal to gac, because they stand in the same segment, gapc, 
therefore gpc is the angle subtended by bc = 27 • Again, the 
angle gca was made, by construction, equal to the angle sub- 
tended by AB = 52°; now, by the same proposition, the angle 
gpa is equal to to the angle gca, for they stand in the same 
segment apcg ; therefore gpa is the angle subtended by ab = 
52^, consequently p is the station from which the angles were 
measured, and pa, pb, pc, the distances required. 

PRACTICAL EXAMPLES TO ILLUSTRATE THE LAST 

PROBLEM. 

Example I. (Fig. 60.) 

Being on survey on the coast of Tenasseriem in the Bay of 
Bengal, and suddenly shoaling out qf seven into Jour ^thorns, 
two observers unth the sextant at the same instant measured 
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the angles bettveen three fixed ddjects in a straight line with 
each other, asJbUows: — The hill b to the left of the hill cU c, 
50° 27', the hill at a to the left o/b, 30'' 18', and the dis- 
tance by chart from a. to b was ten miles j amd from b to c 
eight miles. Required the position of that part of the shoal 
from which the angles were meoMiredf 

Geometrical Construction. (Fig. 61.) 

By either of the methods (suppose method 3d) lay down the 
distances ab = 10, bc = 8, from a scale of equal parts, then 
make an ang'le cag equal to the angle subtended by bc, namely, 
50® 27', and an angle acg equal to the angle subtended by ab, 
namely, 30° 18', produce the lines that contain these angles 
until they meet in g; describe a circle that will pass through 
the points a, g, and c (Euclid iv. 5); then join gb, and pro- 
duce it to meet the circumference in p, which wHl be the sta- 
tion required. Join pa and pc, and tlieir measure from the 
same scale of equal parts will be the distances from those 
objects. 

To find the distances by logarithmic calculation. 

In the triangle ago we have given the angle gac = 50° 27', 
the an^le gca = 30° 18', consequently, the angle agc = 99° 
15' (bemg their supplement), and the side ac = 18. To find 
the side ag. 

As sine agc 99^ 15^ . . 9.9943156 
Is to sine acg 30o 18' . . 9-7028849 
So is AC 18 . . 1.2552725 



10.9581574 
To AG 9.20114 . . 0.9638418 

Then in the triangle agb are given ag = 9-20114, ab 
= 10, and the included angle gab = 50^ 27'. To find the angles 

ABG, AGB. 

As(ab + ag) 19.20114 .... 2-2833270 

Is to (ab— AG) .79886 .... 1.Q024707 

So is tang. ^ (abg + agb) 64^ 46' 30^' . 10.3268893 



To tang. J (abg — agb) 5^ 2^ 49'' . 10.2293600 

8.9460330 



agb 


z^ 


690 49' 19" 


abg 


= 


59 


43 


41 






180 


00 


00 



abp = 120O 16' 19" 



120 
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In the triangle apb, we have the angle abp = 120^ 16' 19'', 
being the supplement of abg; consequently all the angles in 
this triangle are known, namely, apb = 30® 18', and bap = 29® 
25' 41", and the side ab = 10. To find the sides pa, pb. 



To find PA. 
As sine apb 30<^ 18^ 9-7028849 
Is to sine abp 120"* 16' 19^^9.9363440 
So is AB 10 . . . 1.0000000 



To PA = 171182 



10.9363440 
1.2334591 



To find PB. 

As sine APB 30<' 18^ 9-7028849 

Is to sine pab 29«> 25' 41" 9-691 3736 

So is AB 10 . . 1.0000000 



To PB 9.7384 



10.6913736 
0.9884887 



Lastly, In the triangle pbc are given the angle cbp = 59® 
43' 41", the supplement of abp, and bpc=50® 27', conse- 
quently, BCP = 69® 49' 19", and the side bc = 8, to find the 
side Pc; or in the whole triangle apc, the three angles and 
sides AP, AC are known; therefore find the side pc. 



In the triangle bpc, to find pc. 
As sine bpc 50° 27' 9.8870934 
Is to sine cbp 59<^ 43'41"9.9363340 
SoisBc8 . . . . 0.9030900 



To PC 8.96047 



10.8394240 
0.9523306 



In the triangle apc, to find pc. 
As sine apc 80^ 45^ 7-9943156 
Is to sine pac 29° 25'41''9.6913736 
So is AC 18 . . 1.2552725 



To PC 8.96047 



10.9466461 
0.9523305 



ANOTHER EXAMPLE IN THIS CASE. 



In the Bay of Bengal^ near the mouth of Rangoon River ^ 
unshing to determine the position of a shoalj I anchored the 
boat upon it, and with a sextant measured the angles between 
three fixed objects on shore, as follows: — (Fig. 60J a leji of 
B 19% andB left ofc 25**. By my chart of the coast, I found 
by careful measurement with compasses, that the distance be- 
tween the two conspicuous objects a and b was zz 3*626, and be- 
tween B and c z= 8*374 miles. From these angles and distances, 
it is required to find the position of the boat tvith regard to 
the shore, and the distances from the three ejects. 

The construction will be exactly the same as fiff. 61, only 
the station-point p will not fall in the same part of the circum- 
ference. We will therefore use the same letters and lines in 
this explication. 

First, In the triangle gag, we have by construction the two 
observed angles, namely, gag =z 25° and gca = 19°, conse- 
quently \%^ minus their sum will leave the angle agc = 136°. 
With these angles, and the side ac = 12 miles, find the side 
AG = 5*624, and cg = 7-3 miles. 

Then, in the triangle agb are given ab = 3*626, ag= 5*624, 
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and the included angle gac = 25°. With these two sides and 
the angle, find the angle abg =121° 45' 7", and consequently 
the angle agb = 33° 14' 53". 

Agam, In the triangle abp, the angle pba = 58° 14' 53", 
being the supplement of abg, and apb z= 19°, and the side ab 
= 3*626 are given. Therefore find the side ap = 9-471 1, and 
BP = 10-86. 

Lastly, In the triangle apc, the angle pac = 102° 45' 7", 
APC = 44°, ACP = 33° 14' 53", and the sides ap = 9-4711, 
AC = 12. To find the side PC =z 16-8485 miles. 



PROBLEM IL 

In this case two of the fixed objects are supposed to be in 
the same straight line tvith the observer, or they are said to be 
an with each other, and the angle Tneasured between them 
{when exactly in that position) and the third object, either to 
the right or left, is given, to find the station-point p. Their 
mutual distances must of course be known. 

Example. (Fig. 62.) 

Let A and b be two fixed objects distant from each other 13 
miles, and suppose an observer at a position in the same 
straight line when they were on with each other measured 
the angular distance between them and the other object c 
to the right, and found it to be 25°, the distance from b to 
c =: 13-5, A to c = 19. Required the station-point p when 
the angle was taken? 

Geometrical Construction. (Fig. 62.) 

Construct a triangle abc, having the proportions given, from 
B let fall upon ac a perpendicular bg, then by the 4th case of 
oblique-angled triangles, find the segments of the base ag, gc. 
Next find the angle bac = 44° 30', from which angle subtract 
the observed angle = 25°, then shall the remainder be equal 
to the angle acp 19° 30', because, by (Euclid i. 32^ the ex- 
terior angle bag is equal to the two interior and opposite angles 
ACP, apc of the triangle pac. On that side of the line ac next 
to the observer, lay off an an^le equal to the angle acp just 
found, produce the side until it meet the line ab produced 
in p, which is the station whence the angle was observed, and 
PC, pb will be the distances from the objects measured on the 
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same scale of equal parts from which the sides of the triangle 
were taken. 

Example I. (Fig, 63.) 

On the coast ofArracarij in the Bay o/Bengalj the sounds 
ings sudderdy decreased; at this moment the angle between a 
hiU A and a hill c to the right was found mth a sextant to 
be 30^ 25% whilst a high peak at b happened at the time to 
be excuitly on tvith Ay the distances of the objects from each 
other being a to c = 16^, a to b = 11, aiid b to c = 13 miles. 
From these observations it is required to find the station of the 
ship when the angle was measured. 

Geometrical Construction. (Fig. 64.) 

With a scale of equal parts construct a triangle abc having 
its sides respectively equal to the proportions given. Then 
from the pomt b let fall upon ac the perpendicular bg, and 
find the segment of the base ag, and angle bac. 

LOGARITHMIC CALCULATION. 



To find the segments. 
As AC 165 1.2174839 

Is to (bc + ba) 24 1.3802112 

Sois(BC — ba) 2 0.3010300 



To (cG — ga) 2.9091 

^ AC =r 8.25 
i(cG — ga)=1.4545 



1.6812412 
0.4637573 



CGs=9.7045 
ao=6.7955 



To find the angle bac 
AsAB 11 . 1.0413927 

Is to AG 6.7955 . 0.8322214 
So is radius . 10.0000000 



10.8322214 
To COS. bac 51° 50^ 47" 9-7908287 
1800 



cap = 128° 9^13'' 



From the exterior angle bac 51° 50' 47", subtract the ob- 
served an^le 30° 25', and the remainder will be the other in- 
terior an^e acp = 21° 25' 47". 

Then in the triangle pac, we have angle apc = 30° 25', 
angle pac = 128° 9' 13", angle ACP = 2r 25' 47", and the 
side AC = 16*5. To find the sides ap, pc. 



To find the side af. 
As sine p 30° 25' 9.7043947 
Is to sine ACP 21© 25' 47'' 9-5627206 
So is AC 16.5 1.2174839 



ToAF= 11.9072 



10-7802045 
1.0758098 



To find the side fc. 
As sine p 30^ 25' 9.7043947 
IstosinePAcl28<* 9' 13" 9.8956166 
So is AC 16.5 . 1.2174839 



To PC 25.6275 



11.1131005 
1.4087058 
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ExASfPLB II. 

Being on the same coast, and unshing to fix the vessel in a 
position until I measured several angles, I ran until I brought 
the peak at a, on tvith the peak at b, (See last figure). I 
then, with a sextant, measured the angle between the summit 
of a quoin-shaped hill at c and the peak at a, which was 
= 17 47' 19''; the distance qf one object from the other as 
fi)llows: — A to c = 12, A to B=z 8, and b to c = 7;- miles. 
Rehired the station whence I took the angle f 

Construct the figure as in last example; dien with the 
three given sides of the triangle abc, find tl,e segments of 
the base, and the angle bag = 35^ 34' 38", the supplement 
of which pac = 144° 25' 22", and the exterior angle bag = 
35° 34' 38" minus the observed angle =17° 47' 19", leaves 
AGPzr 17° 47' 19". Hence we have given the three angles 
of the triangle apg and the side ag to find the remaining sides, 
namely, ap = 12, and pg = 22*85 miles. 



PROBLEM IIL 

When the station from which the an^le is observed is in one 
of the sides of the triangle formed by the three objects. 

Let ABG (fig. 65) be the three hills or peaks, and an ob- 
server from some station in the line ag measures an angle 
subtended by one of the other sides (suppose ab) and finds it 
to be 48° 30', it is required to find the point in that side from 
which he took the angle. 

Geometrigal Construgtion. (Fig. 65). 

Cojistruct a triangle abg, having its sides ab = 12, bg = 14, 
and AG = 19^ miles. Then at any point in ag, as at g, make 
an angle agb = to the observed angle 48° 30', through b draw 
a line bp parallel to fg, and it will intersect the line ag in p, 
the station required, bp and fg being parallel to each other, 
the exterior angle fga (Euc. i. 29) is equal to the interior and 
opposite angle apb, wluch is therefore equal to the observed 
angle, and p the station from which it was observed. 
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ExAMPLB I. (Fig. 66.) 

Being in the entrance of a bay on the coast of Tenasseriem, 
and exactly on the straight line drawn from ttoo hills or peaks, 
A to c, I measured the angle subtended by c aiid a conical 
hiU B, at the inner extreme of the bay, which teas = 98^ 30'. 
At what point in the side ac intist the ship have been to ob- 
tain such an angle f The distance from xtoBzz 3^, c to b 
= 4:^, and a to c = 5 miles. 

Geometrical Construction. (Fig. 67.) 

From a scale of equal parts oonstxuct a triai^e, having its 
side AB = 3*5, cb = 4-25, and ac = 5 miles. Then make an 
angle, cao, equal to the observed angle, viz. 98^ 30% and draw 
BP parallel to ao, cutting the side ac in p. Then shall the 
point p be the station of the ship when the angle bpc was 
measured. 

To find the distances by logarithmic calculation. 

First, From the point b let fell a perpendicular bg, divid- 
ing the side ac of the triangle abc into two segments, ag, gc. 
Then to find these segments, and the angle at c, say — 



As AC 5 

Is to(CB + BA)7'75 

So is (cB — ba) .75 



To (CG — ga). 1.1625 
J AC = 2-5 

|(cg--ga)= 0.58125 



0.6989700 
0.8893017 
1.8750613 

0.7643630 
0.0653930 



CG = 3.08125 



In the triangle bgc, we have the 
two sides bc, gc, and an angle op- 
posite to one of them. To find the 
other angle at c. 

AsBC 4.25 . . . 0.6283889 
Is to GC 3.08125 . . p.4887270 
So is radius, 10.0000000 



10.4887270 
To cosine c 43® 31' 52" 9-8603381 
Obs.angle»98 30 



142^ 1' 52" 
180 



To find the side bp. 
As sine bpc 98° 30^ 9.9952033 

Is to sine c 43° 31' 52" 9.8380606 
So is Bc 4.25 0.6283889 



To BP 2.9597 



10.4664495 
0.4712462 



Supp. PBC= 37° 58^ 8" 

To find the side fc. 
As sine bpc 98<^30' 9.9952033 

Is to sine pbc 37<^ 58^8" 9-7890400 
So is BC 425 0.6283889 



To PC 2.6438 

AC == 5. 



10.4174289 
0.4222256 



PA == 23562 
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Example for Practice. 

In the entrance of a great river ^ and on a line dravmfrom 
a church in the town at a, and a very high peak on the right 
side of the river at c, / measured the angle subtended hy the 
church steeple a, and another hill a short distance up the river 
at B, which was 107^ 56' 13", the distance from a ^o b z= 8, 
B to c = 7^, and a to c = 12 miles. Required the position 
of the ship when the angle was taken f 

As in last example (fig. 67), with the three sides of the tri- 
angle, namely, ab = 8, bc = 7*2, and ac = 12, find the seg- 
ments of the base, and the angle bac = 35® 34' 38". 

Then in the triangle apb afl the angles are known, namely, 
BPA = 107° 56' 13", being the observed angle, bac = 35® 34' 
38", consequentlv the supplement abp = 36® 29' 9". With 
these angles and the side ab = 8 find the side ap = 5, pb 
= 4-892, therefore the side pc = 7 miles. 

PROBLEM IV. 

When the station from which the angles are measured falls 
within the triangle formed hy the objects j which may happen 
in a deep bay, river, or amongst islands. 

Let ABC (fig. 68) be three such objects, and suppose an 
observer to be witmn the triangle (formed by straight lines 
joining the objects), and that he found by observajfcion that the 
angle subtended by ba was 98° 40', and the angle in like 
manner measured between a and c was 110° 30', the distances 
between the hills, as foUows: — a to b = 12, b to c = 14, and 
A to c = 15 miles. From these distances and angles let it be 
required to find the station whence they were taken. 

Geometrical Construction— Method I. (Fig. 68.) 

By a scale of equal parts construct a triangle abc, having 
its sides equal to 12, 14, and 15, respectively. Then, on the 
sides AB and ac, describe segments that shall contain the angles 
subtended by those sides (see Cases ii. and iii., figs. 52 and 53), 
namely, on the side ab a segment that shall contain the sub- 
tended angle 98° 40', and on ac a segment that shall contain 
110° 30', then shall these two segments intersect each other 
within the triangle at p, which is the station required; and bp, 
AP, PC, measured on the same scale from which the sides of 
the triangle was taken, will give the distances of the several 
objects. 
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Geometrical Construction — Method II. (Fig. 69.) 

At B, outside the triangle abc, make an angle equal to 
69^ 30', being the supplement of the measured an^e apc, and 
at c, also outside the triangle, make an angle equal to 81^ 20', 
which is the supplement to the angle apb; these sides pro- 
duced will meet at the point g. Next find the centre of a 
circle which, when described, shall pass through the three 
points B, c, and g, then draw a line from a to g and it will 
cut the circle in p, the station required, and bp, ap, pc, will 
be the distances, as before. 

Demonstration. 

Because gcb, gfb, are in the same segment ocpb, they 
are equal (Euc. iii. 21.) But gcb is by construction = 81° 
20', the supplement of the first observed angle, therefore gpb 
is also equal to 81^ 20% the supplement of the first observed 
angle. Now, apb is the supplement of gpb, therefore apb is 
equal to 98^ 40', the first observed angle. 

Again, because cpg, cbg, are in the same segment cpbg, 
they are equal (Euc. iii. 21.) But cbg is, by construction, 
= 69° 30', the supplement of the second observed angle, 
therefore cpg is also equal to 69° 30', or the supplement of 
the second observed angle. Now, apc is the supplement of 
CPG, therefore apc is equal to 110° 31', the second observed 
angle. Hence, p is the point of station, and ap, pc, pb, the 
distances required. 

Example. (Fig. 70.) 

On survey amongst some islands near St Matthew's^ on the 
coast of Tenasseriem^ and wishing to determine the position 
of a coral reef not visible above water, I anchored a bocct upon 
it, and am&agst a set of angles the two following were taken: 
namely, b, a highrpointed rock, on the extreme of an island to 
the right of another peak a, 116° 40'; c, a bluff summit to 
the right ofB, 112° 30', the distance between b and a = 5«75, 
B and c = 7«5, a and c = 8-25 miles. It is required to find 
the position of the reef on which the boat was anchored. 

Geometrical Construction. (Fig. 71-) 

Construct the triangle abc, having its sides ab = 5*75, bc 
= 7-5, and ac = 8«25, make the side ac the base, then at c, 
outside the base, make an angle acg = 60° 20', being the sup- 
plement of the angle subtended by ab ; and at a make an angle 
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GAC equal to 67° 30', which is the supplement of the angle 
subtended by bc; produce the sides, and they will meet in a 
point at G. Find the centre o, and describe a cbcle that will 
pass through the points a, c, and g, then draw a line from b 
to G and it will cut the circle in p, the station of the boat re- 
quired; and PA, PC, PB, will be the distances of the different 
objects. 

To find the distances by lagarUhmic calculation* 

First, From the point b in the triangle abc let fsdl the per- 
pendicular BD, which will divide the side ac into two segments 



ad, DC. Then — 

To find the segments. 
As AC 825 0.9164539 

Isto(BC-{-BA) 13.25 1.1222159 
Sois(Bc— ba) 1.75 0.2430380 









1.3652539 


To (CD- 


-DA) 


2.8106 0.4488000 


\ AC . 


• ^"^ 


4.125 




i(cD_ 


■ DA) = 


1.4053 





CD 
AD 



55303 
2.7197 



To find the angle bac. 
As BA 5.75 . . 0.7596678 
Is to AD 2.7197 . 0.4345210 
So is radius, . . . 10.0000000 



10.4345210 
To COS. BAC 6 1 o 46^ 1 7" 9.6748532 
GAc=s67 30 



BAG=129o 16^17" 
180 



ABG+AGB= 50® 48^43" 

Next, in the triangle ago the an^ks acg, gag are known, 

bekig by construction made equal to the supplements of the two 

observed angles, apb, bpc, consequently the whole angle ago, 

=3 49® 10', is likewise known, being their supplement, and we 

liave the side ac = 8*25 opposite to this angle, with which 

find the side ag. 

To find ABG. 
As (ao+ab) 15*494, 1 . 1 901636 
Is to (ag+ab) 3.994, 0.6014081 
So is tan J(b+g)25021'5P'9-6758413 



As sine ago, 4do lO', 9-8788748 
Is to sine acg, 63<^ 20^ 9.9511590 
So is AC 8.25, . . . 0.9164539 



To AG 9.74402, 



10.8676129 
0.9887381 



10.2772494 
TotanJ(B— g)60 58'2'' 9-0870858 



ABG, 32^ 19' 53" 

Then, in the triangle apb, the angle apb =116** 40', being 
one of the observed angles, aad the angle abg or abp = 32 
19^53", consequently the angle bap =31'' 00' 7"; therefore— 



To find AP. 

As sine apb 116^ 40^ 9.9511590 

Isto sitie ABP 32° 19^53'' 9-7282038 

So is AB 5.75, . 0.7596678 



To AP 3-4412, 



10.4878716 
9-5367126 



To find BP. 

As sine apb 1 16° 40^, 9-951 1590 

Is to sine bap31o O' 7", 9-7118638 

So is AB 5*75, . . 0-7596678 



To BP 3-3142, 



10-4715316 
9-5203726 
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Then, in the triangle bdc, right-angled at d, the side bc 
= 7-5, the side DC = 5*5303; with these sides, and an angle 
opposite to one of them, find the angle dcb. 

As BC 7*5 . ... 0.6750613 
Is to CD 5.5303, . . 0.7427487 
So is radius, . . . 10.0000000 



10.7427487 
To COS. DCB 420 29' 31" 9-8676874 

The angle dcb = 42^ 29' 31" + bac z= 61^ 46' 17" = 
104° 15' 48", subtracted from 180% will give the whole angle 
ABC = 75° 44' 12", from which subtract abg = 32° 19' 53'', 
and we obtain the angle pbc = 43° 24' 19"* Then, 

To find the side pc. 
As sine bpc 112o 3(y 9-9656153 
Is to sine pbc 43^) 24^ 19^ 9.8370544 
So is side bc 7-5 . . 0-8750613 



10.7121157 
To the side pc 5.5782 0.7465004 

Example for Practice. 

Wishing to determine the position of a sunken rock^ in a 
deep and extensive bay, I placed a boat aver it, and measured 
the Jbllomng angles — namely, the angle subtended by ac was 
observed to be 123° 45', that subtended by cb 132° 22', conr 
sequentiy the angle which ab subtends =: 103° 53'. The dis- 
tance from Atoc vms known to be =: 12, b to c = 9, andkto 
b = 6 miles. It is required to find the distance of the boat 
from each object. 

Geometrical Construction. (Fig. 71.) 

Construct a triangle, having its sides equal to 12, 9, and 6 
respectively; then, by either of the two last methods, complete 
the figure, and find the se^ents of the base, and the angle 
BAC = 46° 34'. 

Then, in the triangle agc all the angles and one side are 
given. Thus, by construction, the an^e acg = 76° 7', and 
CAG = 47® 38', therefore agc must be = 56° 15', and the 
ride AC = 12; hence the side ag will be found = 14*011. 

Next, in the triangle bag, the whole angle gab is found by 
adding the angle bac 46° 34' to the angle cag 47° 38', which 
is == 94° 12'. With this included angle gab, and the sides ab 
= 6 AG = 14.011, find the angle abg =z 63° 18' 21". 

Again, in the triangle pab, all the angles are given, name- 
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ly, ABP = 63^ 18' 21'', APB = 103** 53', being the supple- 
ment of the observed angles, and pab =12° 48' 39", and the 
side AB = 6; therefore, find ap = 5*523, and Pb = 1-372. 

Lastly, in the triangle cpb, the two sides, cb =: 9, and bp 
= 1*372, and the angle cpb = 132° 22', opposite to one of 
them, are known; therefore, find the angles bcp = 8° 9', pbc 
39*^ 29', and the side Pc = 8, nearly. 

PROBLEM V. 

When the three fixed objects form a triangle^ and the station 
whence the angles are measured is outside the triangle. 

This problem admits of two cases. 

First, when the vertex of the triangle is turned from the 
observer (see fig. 72), and, secondly, when it is towards him, 
(see fig. 75) ; both of which cases often occur on survey. How- 
ever, it will be seen that the protraction and calculation are 
precisely the same in both. 

Case I. (Fig. 72.) 
When the vertex of the triangle is turned from the observer. 

Example. 

Let a, b, c, be three fixed objects fi)rming a triangle^ unth its 
vertex, b, farthest firom the observer. Then, suppose he meor- 
sured the angle between a and b, and found it == 32^ 30', and 
the angle between b and c = 28° 35', the distance between a 
and c = 9, between a afid b = 6, and between b and c = 7 
miles. Required his position and distance from each object 
when he took the angles, by the different methods of protrac- 
tion ? 

Geometrical Construction — Method L (Fig. 72.) 

Having constructed a triangle abc, with the given propor- 
tions from a scale of equal parts, make the side ac (wnich 
subtends the greatest angle) the base, and at c, on that side 
of AC which is most remote from the observer's station, make 
an angle acd, equal to the angle subtended by ab, namely, 
32° 30', and at a make an angle cad, equal to the an^le sub- 
tended by BC, namely, 28° 35'; produce tne sides, and tney will 
meet at the point d; then descnbe a circle, so that it may pass 
through the points a, d, and c, and the station from which the 
angles were observed is in that circle; join bd, and produce the 
line until it cuts the circle in p, and that will be the station 
sought. Join cp, pa, and they will be the distances required. 
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Dbmonstratiok. 

By Euc. iii. 21, the angles apd and acd are equal, for they 
stand in the same segment, apcd; but, by construction, the 
angle acd was made equal to the observed angle subtended by 
AB : a:^i> is therefore equal to the first observ^ angle. 

Again, the angles cpd and cad are equal, for they stand in 
the same segment, dapc; but, by construction, cad was made 
equal to the observed angle subtended by bc ; cpd is conse- 
quently equal to the second observed angle, and p the station 
whence they were taken, and PC, pa the distances required. 

When the sum of the tiao observed angles is less than a 

right angle. 

Geometrical Construction — Method II. (Fig. 73.) 

Construct a triangle, abc, having the same proportions and 
using the same angles as in last example; then at the pcnnts 
A and c, and on the side next to the observer, make angles 
ACQ, GAG, each equal to 28^ 55^ bein^ the complement of the 
sum of the observed angles subtended by bc, ba, and the point 
in which the lines ag, cg meet will be the centre ci the circle 
ANc; or, in other words, by Case II. (fig. 53^, describe on 
AC a segment, containing an angle equal to tne sum of the 
observed anrfes, 32** 30' + 28® 35' = 61® 5'. Next, at the 
points B and c make the angles one, ocb each equal to 61^ 
25', the complement of the angle subtended by the side bc, 
namely 28® 35' (which is, in other words, describing a segment, 
&c. as before. Case 11. fig. 53); and where the lines ob, oc 
intersect each other will be the centre of the circle bmr, and 
the point p, where the circles cut each other, is the point from 
which the angles were taken. 

Remark. — A segment may be described on the side ab, with 
FB or FA, as radius, instead of the side bc : the result will be ex- 
actly the same; for it will be seen that the se^ent bha cuts 
the other segments in the point p also. But the required seg- 
ment (in this method) mu^t always be constructed so as to 
fall towards the observer; for, if the complement of the angle 
28® 35' had been laid off on the remote side of the line bc, 
instead of the inner or nearest side, the segment of the circle, 
BMR, would have fallen inside the triangle abc, cutting two of 
the objects, b and c; which would be similar to Problem IV. 
where the observer is situated within the triangle formed by 
the objects. 

This method of construction will be found simple, and more 
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accurate than Method I. fig. 72, in some mstanoes; for 
suppose (see fig. 72) the observed angles should be nearly 
equal to, or the same as, the angles acb, cab, made by the 
objects themselves, in that case, m making the angles acd, 
CAD respectively equal to the observed angles, the Unes cd, 
AD would either coincide with the lines cb, ab, or would 
fall so near to them that it would render the protraction ex- 
tremely doubtful and uncertain, for the line bd could not be 
drawn with any certainty. Should the observed angles be 
much greater than the angles contained by the sides of the 
triangle formed by the objects themselves, the point d would 
fall outside the triangle; and, providing it was at a distance 
from the point b, the protraction wouldbe the same, and with 
care might be in some degree trusted to. 

When the observer is close in with the objects, and the sum of 
the observed angles is greater than a right angle. 

Example. 

Let A, b, c be three objects, the distance from a to b = 3, b 
^0 = 6, and a to c = 8 miles, the angle taken between b 
and = 91^ 30', and between a and b = 29*^ 10'. Required 
the position from which they were taken? 

Gbometrical Construction. Method III. (Fig. 74.) 

Construct a triangle, abc, having its sides respectively equal 
to the proportions given; then on bc, one of tne sides of the 
triangle, describe a segment, containing the sum of the ob- 
served angles, 120*^ 40' (see Case III. fiff. 54); then on the 
other side, ab, describe a segment that wul contain the angle 
subtended by that side, namely 29® 10' (Case II. fig. 53); the 

Eoint p, where these two segments intersect each other, will 
e the station, and pb, pc, pa the distances required. 

Case II. (Fig. 75.) 

Where the vertex of the triangle formed by the objects falls 
towards the observer, which will occur in practice when the 
hill or conspicuous object at b is situated on a point or jutting 
headland, whilst the two objects a and c are at a distance 
inland. 

Example. 

Let A, B, c, be three objects so situated as to have the object 
B,fr)rming the vertex of the triangle, towards the observer ; then 
suppose he takes the angular distance between a and b = 25® 
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20% (xnd between b and c == 36^ 40% and call the distance 
from A to c = 7f a to b = 4, b to c = 6 miles. What was 
the station of the ship to have obtained such angles^ and what 
was her distance from each object f 

Geometrical Construction. (Fig. 75.) 

Construct the triangle as before, only let the vertex, b, fall 
towards your station; then at c^ on the opposite side of the line 
AC (as in fig. 72), make an angle equad to the angle sub- 
tended by A and b = 25^ 20% and at a, on the same side also, 
make an angle equal to the angle subtended by b and c = 36^ 
40% produce the sides that contain these angles, and they will 
meet at the point d; find the centre, and describe a circle that 
will pass through the points a, d, and c, and the station will 
be somewhere m the greater segment of this circle, because 
the whole angle subtended by a and c is less than a right 
angle. Draw a line from the intersection of the lines at d 
through B, and it will cut the circle in p, the station, and fb, 
PA, PC will be the distances required. 

Demonstration .r 

By Euc. iii. 21, the angles apd and acd are equal, for they 
are in the same segment, apcd; but, by construction, the angle 
ACD was made equal to the observed angle subtended by ab 
= 25° 20', APD is therefore equal to the first observed angle. 

Again, the angles cpd and cad are equal, for they stand in 
the same segment, dapc; but, by construction, the angle cad 
was made equal to the observed angle subtended by bc ; cpd 
is consequently equal to the second observed angle, and p the 
station whence the angles were taken, and pc, pa, pb the dis- 
tances required. 

Examples to illustrate F%s. 72 and 73. 

On survey near Tavoy river ^ on the Tenasseriem coasts I 
measured the angles between three remarkable peaks, asf}llowSy 
(fig. 16) .- — Peak b to the right of peak a, 26** 27%' peak c to 
the right of peak b, 34® 12'; the distance from a to b == 5, 
from B to c = 6, and from a to c = 7 miles. Required the 
position of the ship? 

Geometrical Construction — Method I. (Fig. 77). 

Construct a triangle, abc, with the above proportions, and 
at c, on the furthest side of ac from the observer, make an 
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angle equal to the angle measured between a and b «= 26^ 
27% and at a, on that side also, make an angle equal to the 
angle measured between b and c = 34° 12'; draw out the 
sides that contain these angles and they will meet at d ; then 
describe a circle, so that it may pass through the points a, d, 
and c, and the station will be found somewhere in the greater 
segment; from b draw a line to pass through d, and it will 
cut the segment at p, which is the station sought, and pa, pb, 
PC the distances required. 

Geometrical Construction — Method II. (Fig. 78). 

Construct the triangle abc a^ before, then on ac describe 
a segment, anc, containing the sum of the observed angles, 
namely, 60** 39' (Case II, fig. 53) ; then on the side ab describe 
a segment, abm, that will contain the angle measured between 
the two objects at the extremes of that side, namely, 26° 27'; 
then shall the point of intersection, p, of these two segments an c, 
ABM be the station, and pa, pb, pc the distances as before. 

Logarithmic Calculation. (Fig. 77). 

Let fall from the point b the perpendicular bh; then in the 
triangle abc, with the three sides ab = 5, bc = 6, and ac 
= 7, find the segments of the base ah, hc. 

To find the segments. 
As AC .... 7 0.8450980 
Isto(AB+Bc) .11 1.0413927 
So is (ab— Bc) . 1 00000000 



To (hc— AH) 1^714 
J AC . = 3.5 
I (cH— ha) « .7857 



1.0413927 
0.1962947 



CH 
AH 



4.2857 
2-7143 



To find the angle 3ac. 
AsAB . 5 0.6989700 

Is to AH 2.7143 0.4336578 

So is radius, . . . 10.0000000 



10.4336578 
To COS. BAH =3 57° 7' 17" 9.7346878 



In the triangle adc, the angle acd == 26° 27', cad == 34® 
12% consequently the supplement of these angles adc =119° 
2V; with these angles and the side ac = 7 find the sides 
and DC. 



AD 



To find the side ad. 
As sine ADC 119° 21' . 9-9403381 
Is to sine acd 26° 27' . 9-6487665 
So is AC . 7 . . 0.8450980 



To AD 



3.5771 



10.4938645 
0.5535264 



To find the side dc. 
As sine acd 26° 27' . 9.6487665 
Is to sine cad 34° 12' 9-7498007 
So is AD 3-5771 . . 0-5535264 



To DC 4.514 



10-3033271 
0.6545606 



184 



A TREATISE ON 



In the triangle dab, the sides ad, ba are ^ven, and the 
anfi^le bad »» 22° 55' IT' being the difference between bac 
and DAC, therefore find the angle abd. 

As (ab+ad) 8.5771 . . . 09333405 
Isto(iUi— ad) 1.4229, . . . 0.1521744 
So is tan. ^ (d+b) 78<> 32" 21'' 10.6930596 



10.8452340 
To tan. ^ (d-ji) 89^ Id' 39^/ 9.9118935 



ADB » 117 46 00 
ABD B- 39 18 42 



From the exterior angle adb, = 117^ 46' of the triangle 
PDA, subtract the interior angle apd = 26° 27% and the re- 
mainder will be the other intenor angle dap = 91° 19'. This 
angle j9/fM the angle bad == 22° 55' 17", will give the whole 
angle bap =: 114° 14' 17". In the triangle bap all the angles 
are known, and the side ab = 5 ; therefore, find the sides 



AP, pb. 

To find the side ap. 
As sin. AFB 260 27^ 9.6487665 
Isto8in.PBA 390 18'43" 9-8017755 
So is AB 5 . 0.6989700 



To find the side fb. 
As sin. ABP 390 18' 43^ 9.8017755 
Istosin.BAPlUo 14^17'' 9.9599223 
SoisAP 7. 11 18 0.8519790 



ToAP 71118 



10.5007455 
0.8519790 I To pb 10.236 



10.8119013 
1.0101258 



By Euc. iii. 22, the opposite angles of any quadrilateral 
figure inscribed in a circle are together equal to two ri^ht 
angles; therefore the angle dcp is equal to 88° 41', bemg 
the supplement of the angle dap ; nence in the triangle 
dpc we nave the angle dpc = 34° 12', dcp = 88° 41', conse- 
quently CDP = 57° 7', being the supplement of these angles, 
and the side do = 4-514. 



To find the side pc. 

As sin. DPC 340 12' 

Is to sin. CDP 57° 7' 
So is DC 4.514 

To PC 6.7441 



9.7498007 
9.9241644 
0.6545606 

10.5787250 
0.8289243 



Example for Practice. 

Being at anchor on a coasts and bad weather coming on^ I 
was obliged to cut and run; but previous to cutting^ Iheul taken 
angles between three remarkable objects as follows ( Fig. IQ): 
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B, a hill to the right of another hill a, 19^; c, a high peak 
to the right of By 25^, caid the distances^ by my charts between 
A and B = 8, between b and c = 1^^ andbetiveen a and c = 12 
miles. From these observations^ I am to Jmd my position off 
shore when I cut from my anchor. 

Construct a triangle, abc, whose three sides are ac = 12, 
BC = 7 J, AB =: 8, then complete the geometrical construction 
by either of the foregoing methods, suppose that described 

The three sides of the triangle a b c are given, with which 
find the segments of the base and angle bag = 35^ 34' 38'^ 

In the triangle adc all the angles are known, namely dac 
= 25^, DCA ^ 19^, consequently, adc = 136^, and the side 
AC =r 12; therefore find side ad z= 5.624, and side dc = 7-3. 

Again, in the triangle bad, the side ab = 8, fflde ad s=s 
5-624, and the angle bad = 10'' 34' 38'', (beinff the differ- 
ence between bag = 35° 34' 38", and dag = 25*^ ; hence the 
angle adb will = 146° 45' 7"* If from this exterior angle 
adb of the triangle dap we subtract the opposite interior 
angle afd »= 19°, we shall obtain the angle dap =s 127° 
45' 7"; and to this if we add the angle bad = 10° 34' 38", 
we shall get the whole anffle bap = 138° 19^ 45". 

In the triangle pab, merefore, all the angles are known, 
namely, bap= 138° 19' 45", apb = 19°, and abp = 22° 
40' 15", being the supplement of bap, apb, and the fidde ab 
s= 8; hence find the side ap = 9*471, and the side bp = 16-337 
miles. 

Then in the triangle pdg, the side dg ss 7*3, the angle 
DGPs= 52° 14' 53", being the supplement of its opposite angle 
dap = 127° 45' 7", in the quadrilateral figure, dapc, m- 
scribed in the circle (Euc. iii. 22); therefore, pdg = 102° 
45' 7", being the supplement of dpg = 25° + dgp « 52° 14' 
53". Hence the side pg will be found «= 16*85 miles. 

Example II. 

Suppose I wanted to lay down on a chart the position of a 
spit of sand on which I had placed a buoy^ and that three 
freed objects^ a, b, g (as in last example) were in sights and 
with a sextant from a boat I found the angle subtended by 
bg tobezz 33° 45', and that subtended by ab = 22° 30', the 
distance from a to c=12, b to g = 9, a ^o B = 6 miks. What 
distance was I from each object? 
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The calculation is exactly the same as in the preceding ex«- 
ample. The side ap will oe found = 14, side pb = 15*649 
and the side pc = 10*6 miles. 

An Example to illustrate fig. 75, where the vertex faMs 

towards the observer. 

Surveying off the northern extreme of an island^ and ivish- 
ing to lay doum on my chart the position of a sunken rock, I 
measured the angle (fig. 79) between a peak at b (on the ex- 
treme point of the island), and another hill at c, to the right 
ofB, which was 20® 30', and a peak at a to the left ofB, 40° 
28', the distance from a to b = 6, b to c = 5, and Atoc = S 
miles. Required the position of the rock, and distance from 
the objects f 

Geometrical Construction. (Fig. 80.) 

Construct a triangle, abc, having the vertex, b, towards the 
observer ; make the side ac = 8 from a scale of equal parts, 
BA = 6, and bc = 5 : then, as in fig. 75, at the point c make 
an angle, acd = 40° 28', equal to the angle subtended by 
ab; and at a, in like manner, make an angle, cad = 20° 
30', being equal to the angle subtended by bc. Next draw 
out the lines containing these angles, and they will meet in d; 
then describe a circle that shall pass through the three points, 
A, D, c; join db, and produce it, and it will cut the circle in 
p; join pa, pc, then shall p be the station from which the 
angles were measured, and pa, pb, and pc the distances sought. 

To find the distances by logarithmic calculation. 

From the point b, in the triangle abc, draw the perpendi- 
cular BH upon the side ac ; then, with the three sides, ac, ab, 
BC, find the segments of the base, ah, hc, and the angle bac. 



As . . AC 8 
Is to (ab + bc) 11 

Sois(AB — BC) 1 



0.9030900 
1.0413927 
0.0000000 



1.0413927 
To (ah— Hc) 1375 0.13830^7 

^ AC . . =s 4 

|(ah— hc) = .6875 



AH 
HC 



4.6875 
3.3125 



Asba6 . . . . 0.7781513 
Is to AH 4.6875 . . 0.6709413 
So is radius .... 10.0000000 



10.6709413 
To cos. BAC 38° 37'29" 9-8927900 
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In the triangle adc all the angles are known, and the side 
AC = 8, thence find the sides ad and dc. 

To find AD. 



As sin. ADC 119° 2' 
Is to sin. ACD 40^ 28' 
So is AC 8 



To AD 5.93826 



9.9416791 
9.8122484 
0.9030900 

107153384 
0.7736593 



To find DC. 
As sin. ADC 1190 2' 
Is to sin. DAC 20° 30' 
So is AC 8 



To DC 3.20432 



9.9416791 
95443253 
0.9030900 

10.4474153 
0.5057362 



In the triangle dab, the sides ab, ad, and the included 
angle dab== 59^ 7' 29" (being the sum of dac = 20*' 30' 
+ bag = 38® 37' 29'Oj are known. Therefore find the angles 
abd, adb. 



To find ABD. 

As (ab + ad) 1 1 .93826 J_.076941 1 
Isto(AB— ad) 0.06174 2.7905666 
So is tan. J (adb + abd) ) io.2462533 



60° 26' 15" 



9.0368199 
'^1^0 3&""^.'''^} 7.9598788 



In the triangle apd the angle abp 
= 120° 5' 6", being the supplement of 
ABD ; the angle apb » 40** 28', being 
one of the observed angles; hence 
find side ap. 

As sine apb 40<=^ 28' 9.8122484 

Is to sine abp 120° 5' 6" 9.9375580 
So is AB 6 . . . 0.7781513 



ADB = 60° 57' 86" 
ABD » 59 54 54 



To pa 7. 99946 



107153093 
0.9030609 



In the triangle adc the whole angle adc = 119® 2' minits 
the angle adb = 60** 57' 36", leaves the angle pdc = SS"" 4' 
24", and dpc, or bpc, the other observed angle, = 20® 30'. 



To find the side Pc. 
As sin. DPC 20° 30' 9.5443253 

Is to sin. PDC 58° 4' 24" 9-9287673 
So is DC 3.20432 . 0.5057362 



To PC 7-76566 



10.4345035 
0.8901782 



To find the side pb. 
As sin. APB 40° 28' 9.8122484 

Is to sin. bapI 90 26' 54" 9.5223877 
So is BA 6 . . . 0.7781513 



To PB 3.07815 



10.3005390 
0.4882906 



Example II. (Fig. 81.) 

Sailing through some straits^ and rapidly decreasing my 
soundings^ I hove the vessel to^ and took angles between b 
(a pointed hill on an island^ nearly right Or-headJ and a, a 
conicalnshaped hill at a distance^ on an island a little to the 
larboard bow, which measured 19°. Then between b and c, 
{a sugar^loqjf^haped hill) on an island at a distance^ and a 
little on the starboard bow, the angle measured 2b^. The dis-- 
tance between a and c I found by the chart ^o 6e = 12, b ^o a 
= 8, and b to c = 7 j. What was the position of the shoal 
with regard to the objects? 
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Gbombtrical Construction. (Fig. 82.) 

ConBtruct a triangle having the side ac =: 12, ab =: 8, and 
BC = 7*2, then lay off an angle acd = 19% the angle subtend- 
ed by a and By and next lay off an angle cad = 25^, the angle 
subtended by b and c; describe a circle to pass through uie 
three points a, d, and c, draw out the line db, and produce it, 
and it will cut the circle in p ; join pa, pb, pc, then shall f 
be the position of that part of the shoal from which the angles 
were taken. 

Let fall the perpendicular bh upon ac, then in the triangle 
ABC the sides are given; therefore find the segments ah, hc, 
and the angrle bac = 35° 34' 38^ 

In the triangle dac the angle acd = 19°, and dac = 25°, 
having been by construction made equal to the observed angles, 
consequently the angle ado, which is their supplement, is equal 
to 136 , and the side ac = 12. Thence find the side ad = 5*624, 
and the side dc = 7-3. 

In the triangle dab, the side ad = 5*624, ab = 8, and the 
angle bac = 35° 34' 38" + dac = 25°, gives the whole angle 
DAB=60° 34' 38", with which find the angle abd=43° 5' 14"; 
from this angle (being the exterior angle of the triangle pbc) 
subtract the observed angle apb =19 , and there remains the 
angle pab = 24° 5' 14". 

Again, in the triangle apb the side ab = 8, the angle apb 
= 19°, PAB = 24° 5' 14", and abp, their supplement, = 136° 
54' 46". From these find the side ap = 16-7857, and the ade 
PB ^ 10-0286. 

And, lastly, in the triangle dcp, the angle dpc or bpc =: 25°; 
then, because the opposite angles of any quadrilateral figure 
inscribed in a circle are togeuier equal to two right angles 
(Euc. iii. 22), if we subtract the angle pab 24° 5' 14" plus 
the whole angle dab = 60° 34' 38" from the sum of the angles 
DCP + DAP = 180°, it will leave the angle dcp = 95° 20' 8"; 
consequently the supplement pdc = 59 39' 52". With these 
anrfes and the side dc == 7«3 find the side pc= 14-9095. 

The station-point will also be determined correctly, by de- 
scribing on the sides ab and bc segments that shall contain 
the angles subtended by those sides. For example: — With g 
as a centre, describe a segment that will contain 19°, being the 
angle measured between the peaks a and b, and the circle will 
pass through the points a and b, and the station point p, 
whence the angle was observed, will also lie in that circle. 
Then, in like manner, with r as a centre, and radius rb or 
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ftc, describe d. segment that will contain 25^, being the angle 
subtended by the peaks b and c, and this circle will intersect 
the former circle m the station point p; then by joining the 
points PA, PB, PC, we obtain the same distances as before. 



TO SURVEY A BAY OR HARBOUR. 

Wishing to make a survey of a small bay, but not finding 
any conspicuous objects on shore by whicn I could carry on 
the survey and determine my position while sounding round 
it, I measured a base line, mn (fig. 83\ 2140 fathoms, on a 
convenient part of the shore ; after whicn I placed three buoys 

A, B, and c, forming a triangle, and in such a position as I 
supposed would enable me to see them from all parts of the 
bay. Then, from one end of the base line, n, I took with a 
sextant the angles anm = 39^ bnm = 65% cnm = 83** 10', 
next, firom m, the other end of the base line, I measured the 
angles c m n = 36% b m n = 55° 30', a m n = 76°. With 
a fiirge circular protractor I protracted the measured angles 
respectively firom each end of the base, then drawing out the 
lines MA, NA, MB, nb, mc, nc, they intersected in the points a, 

B, and c, which gave me the fixed position of the three buoys. 
Then to find the udes by calculation: — 

In the triangle anm, there are given the side mn = 2140, 
the angle amn = 76°, and anm = 39°, consequently the angle 
nam = 65° being their supplement; therefore find the side ma 
= 1995-5, and the side na = 2148.5. 

Then, in the triangle cnm, in like manner, with the three 
angles c n m = 83° 10', c m n = 36°, and their supplement 
ncm = 60° 50', and the side mn =z 2140, find the side nc 
= 1992*25, and the side mc = 2158-5. 

Next, in the triangle nca, there are given the two sides na 
= 2148-5, and nc = 1992-25, and the included angle anc 
=: 44° 10', being the difference between cnm = 83° 10' and 
anm = 39°; therefore find the side ac = 2106. 

In the triangle bmn, there are given the angle bmn = 55° 
30', the angle bnm =z 65°, consequently the angle mbn = 59° 
30', and the side mn = 2 1 4 ; therefore nnd the side nb = 2 1 3 1 . 

Next, in the triangle anb, there are given the side an 
= 2148-5, the side nb = 2131, and the included angle anb 
== 26*^; therefore find the side ab = 1065-5. 

In the triangle bnc, there are given the side bn = 2131, 
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the side nc = 1992-25, and the included angle bnc = 18^ 
10^; hence find the side bc = 1053-25. 

Having now determined, both by calculation and protraction, 
the positions. of the three buoys, with their mutual distances 
from each other, I next proceeded to determine the position of 
a rock at g, which was just level with the water's edge. I 
landed on it, and with a sextant measured the angle between 
the buoys b and c, which was = 13^ 30', and between a and 
B, which was = 29" 50'. Then, according to Problem V. 
(fig. 75), we have a triangle formed by the buoys, with its 
vertex, b, towards the observer; consequently, to find the posi- 
tion of the rock from the measured angles, and their mutual 
distances, proceed as in the last part of the protraction of (fig. 
82), by describing on the sides bc and ac segments, such as 
to contain the angles respectively subtended by those sides; 
and these two circles, when described, will intersect each other 
on the surface of the rock at the point whence the angles were 
taken, and, by calculation, the distance from the rode to the 
buoy at A = 2131, to b = 2107-4, and to c = 2151-4. 

As I was anxious to make use of this newly fixed object in 
the course of my operations, I caused a signal-post with a flag 
on it to be erected on the spot from which I had measured the 
angles. Then, as a proof how far I had been correct in pro- 
tracting and calculating the distance of the rock from the 
buoys, I proceeded to b and measured the angle between a 
and the signal-post which I had just put up, which was = 97"; 
and from a I measured the angle between b and the flag-staff, 
which was = 53" 10'. After a careful protraction of these two 
angles, the lines intersected each other exactiy on my former 
station, and by adding these two angles to the angle which 
I first measured between a and b, namely 29" 50', their sum 
will be found equal to 180" precisely, which is a clear demon- 
stration of the truth of these observations. 

I next proceeded to the extreme S.E. point of the bay, d, 
where I measured the angle between the flag-staff and b, which 
was 29" 30', and between a and b, which was 26" 30'. Then 
by Problem V. (fig. 72), we have a triangle formed by three 
objects, with its vertex turned from the observer; therefore, 
by either of the given methods, protract and calculate the dis- 
tances, and should any material difference exist, go over the 
protraction and calculation again, until you discover the error, 
and determine the true position of the point d on the paper, al- 
ways placing greater confidence on tne calculated distances 
than on the protraction of the figure. 
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The point d being now fixed, take the bearing of 6, the bluff 
part of the point, from d, which Iiappens to be on with a, and 
draw out the line on your rough sketch, which ought to be pre- 
pared for the purpose. If no conspicuous part of the point in that 
direction can be observed, so as to be known again, set up a pole 
and trace the outline of the beach between d and e as correctly 
as you can. From d take also a correct bearing of the N.E. ex- 
treme point of the bay, p, and draw it out; take also an angle be- 
tween it and b, = 47° 30'; then go on to e and take a correct 
bearing of the flag-staff on the rock, draw out the line, and it 
will intersect the line d e in e; look back towards d, and see 
that the outline between these two points is properly laid down. 
As it would be an endless, and indeed unnecessary task, to 
protract and calculate the distances of every little point and 
curve along the coast, according to the methods given, it will be 
absolutely necessary to have a compass of the best description, 
with good sights and a tripod-stand for observing the bearings, 
as.done from d to e, and to note them with the utmost caution. 
The prismatic compass will be found an admirable instrument 
for tms purpose. It would also greatly facilitate the delineation 
of the portions of the coast from station to station, if the sur- 
veyor could guess at the different distances, within a slight de- 
viation of the truth, by the eye alone, after the bearing has 
been taken and the line drawn out, as it affords a good guide 
to him in filling up the outlines, by at once commencing from 
the two extremes, which cannot be done if an indefinite line 
<rf bearing is merely drawn out. From e take the bearing of the 
small point f, and also mark on the sketch where that line of 
bearing cuts the shore at A. Go on to^ make a rough guess at 
the distance between f and A, arid lay them down from your 
original scale of equal parts, and these two points will enable 
you to fill up the coast between them pretty correctly by the eye ; 
and, because the bearing of the signal-post on the rock would 
£dl too obliquely on the line from e tojj rather take the bear- 
ing of B, which will give you the true position oif on your 
paper. Correct the outline between the last two points, and 
^o on to g^ which is a small creek, correcting the curvature of 
le shore as you go on. From g it will be observed that the 
two buoys, B and c, are seen in a direct line with each other; 
consequently measure the angle between a and b = 36° 10', 
and by Problem II., protract and calculate the distances, g a 
= 1991-25, ^ B = 2111-10. Take a bearing of the points i 
and k from g^ lay their distances down by the eye as near as 
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you can from your scale, and trace upon your sketch the re- 
presentation of the line of shore between tnem« Go on to A» 
and determine its position by taking the bearing of a, which 
line also intersects Ithe line of beanng ffiy in t; look towards g 
andjl and correct the curvature between the points^ g^ A, and 
t. From jy with the two buoys a and c on with each other 
(as in Problem 1 1.), take the bearing of t\ which will fix the 
point 7*9 then fill up the curve between t andA, which is a rocky 
point. The line ^ A is intersected at A by a line piodiieed 
through BA, the two buoys forming that mde of the triangle. 
It willalso be observed thiat the same line, produced towards the 
N.E. point of the bay, exactly passes over the extreme at p. 

At ^ the beach bemg very low and sandy, cause a pole to 
be put up, without which the point of bearing could not be 
found out when you advanced to it. Take now its bearing, and 
also the bearing of the rocky points m and n, where poles 
ought also to be set up ; fix the point 2 by a bearing of the 
buoy c, then take the direction of m from /, and having traced 
out the curve A / »», from m take a bearing of n. Then, to cor- 
roborate this last intersection, from n take the angles between 
B and c = aa"" 10', B and A = 42'' 30'; then, by Problem V. 
(fig. 72), protract and calculate the distances n c = 1885, 
n B => 1995*10 and ra a <=» 1885, which agrees with the posi* 
tion given to » by the magnetic bearing m », and A n. The 
operations, so far, may therefore be considered correct, after the 
coast has been correctly traced in between m and n. Next, 
take the bearines of o, />, and r from n, then fix o by a bearing 
of the buoy b, intersect the line nphy the bearing o p, and 
trace the curve nap. Yromp take the bearing of 9, proceed to 
q and fix it by the bearing B 9, which also fixes the point r at 
the intersection of b r, n r; draw the curve p q r^ and from r 
take the bearingr of 8 and ^, the two points at tlie mouth of the 
creek ; judge thedistances and sketch tne curvature and entrance 
to the creek; fix the points s and t by bearings of the buoy c; 
set up poles at u and t?, and take their beanngs from t, the 
point u will be determined correctly by drawing out the side 
formed by the buoys b and c, which will intersect the line t Uy 
in u. The point v will in Uke manner be found by producing 
the side ac, which will intersect tv^iav. These may also be 
verified by a protraction and calculation, according to the me- 
thod in Problem II., by measuring the angle between c and the 
flag-staiF on the rock to the left, to fix the point t?, and either 
the angle between c and the flag-staff to the left, or between 
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c and the buoy a to the right, to determine the position of u 
on the sketch, after which trace in correctly the outline from 
t to V. Take the bearing of the small point Wy and determine 
it by the direction of c. Next, take tne bearing of x and y 
from Wf the latter of which will also pass through the extreme 
point p; fix a; by a bearing of b, and mark the direction of y 
from it, and trace in the curvature between w and y, then de- 
termine y by the bearing of b, and correct the outline from w 
to y, and complete it to p. Then, to obtain correctly the true 
position of the point p, take the angle subtended by b and c 
= 21^ 1 r, and, by Problem II., protract and calculate the dis- 
tances BP = 2148.25 and cp = 2126-18 ; or the angle between 
the signal-staff and b, = 37^ 30% may be used, which will (by 
the same problem, a and b being on with each other) give the 
distance between the flag-«taff and p == 2171*25 and pb as 
before = 2148-25 ; or, so rar as a magnetic bearing can be relied 
upon, the bearing of b and c, or b and the flag-«tan, as explained 
under the article (fig. 56), should give the position of p; but, 
as p is a material point in tiie survey, it ought (by all means) to 
be determined by trigonometrical c^culation. From the sta- 
tion p measure the angle dpb = 40° 40% and at b take the 
angle pbd ;= 91° 50% their sum + pdb = 47° 30% being equal 
to 180°, shews that the observations are correct, and by calcu- 
lation the side pb =z 2148-25, bd = 2129-75, and dp = 3203. 

The outline of the bay being now correctly filled in between 
the various points, the next operation is to lay down tiie sound- 
ings and shoals, which are to be determined exactiy in the 
same manner as the different points along the shore, by a pro- 
traction of the measured angles between the fixed objects; but 
as it will only be found necessary to have recoiu*se to logarith- 
mic calculation when a rock or the extremes of a shoal are to 
be laid down, a very expeditious method of laying down or 
protracting a line of soundings is by means of the Station^ 
Pointer (ng. 86), of which useful instrument a description, 
with the method of using it, is as follows: — 

The Station-Pointer is formed by three limbs, a, b, c, which 
move upon a common centre in such a manner that b and c 
can be set to form any angles with a. The middle limb, a, has 
two verniers, a and a, attached to it, which are adapted to two 
graduated arcs, b and c, connected with the limbs b and c, and 
moving with them. The use of the graduated arcs b and c is 
to set the limbs of the instrument to any given angles; and, 
that this may be done witii greater accuracy than if the edges 
merely were used, a fine wire is stretched from the common 
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centre along each limb, the angles formed by the wires being 
the required angles. Through the centre of the instrument 
there is an opening sufficient to admit a steel pricker; and 
when the instrument is used, if the pricker be pressed into the 
paper, it will mark the required station. We shall illustrate 
the use of the instrument by the following example : — 

Being at the entrance of a bay, and wishing to determine 
the position of a sunken rock, I anchored a boat over it, and 
with a sextant took the angles subtended by three objects on 
shore, d, e, f, whose distances were known by chart. These 
angles were dpe = 40° 25% fpe = 62° 12', p being the point 
of station of the boat. To mark the position of the boat in 
the chart, open the limbs of the station-pointer, and set them, 
by means of the circular arcs b and c, to the observed angles; 
tnen place the instrument on the paper, and move it till the 
wires on the limbs pass through the three given points, d, e, f. 
By means of the steel pricker mark the centre, which will give 
the position of the sunken rock. 

From the above description, it will be seen that the station- 
pointer affords an easy method of protracting angles, and of 
laying down on paper any number of soundings whatever, 
without reference to the rough sketch when they were ob- 
tained, as it will only be necessary to note the direction of 
the ship's or boat's head, and the position of the objects, in a 
memorandum-book, or on the page of the log-book, when the 
soundings and angles were tedken. Neither will it be found 
necessary to mark down (nor indeed would the sketch or chart 
contain) every separate cast of the lead that might be taken dur- 
ing the operation; but it will be of great advantage and assist- 
ance, in nlling up the draught, to have an officer to note on the 
log-slate every cast that is taken ; and at the instant any change 
takes place in the depth, either increasing or decreasing^ let 
two persons immediately measure the angles between the three 
objects, and note them down, following the cast of the lead, 
which will give the vessel's position; and the regular or steady 
casts can be marked down on the line of sailing at proper dis- 
tances from each other, between every changing cast so fixed 
by the protracted angles. It will be also of the utmost im- 
portance if a careful look-out be kept for the coincidence of 
any two of the objects in any part of the hay^ which must be 
frequently occurring while cruizing about; in which case, by 
Problem II., a single angle between any other object, either 
left or right, will readily give the station of the ship. Before 
we proceed to protract the soundings on our present sketch of 
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the bay (fig. 84), it will be necessary to rub out the whole of 
the lines and intersections which were used for determining the 
points along the shore, to prevent a confusion of lines, the 
three buoys and signsd-staffs being alone preserved for the 
procedure. 

Suppose, then, the first course is from the extreme point of 
the bay d, directly towards p, the other extreme point, the 
soundings, angles, courses, and remarks, may be noted down on 
the log-slate, and afterwards entered into the log-book, in the 
manner shown in the formula hereafter given; or they may be 
noted as follows : — Supposing the base Une mn to be in a due 
north and south direction, the ship's head N. 16° W. on the lar- 
board tack, the wind W. by S. to W. J N., extreme point p right 
a-head, soundings 12, 12, 12, 12, 13, where th^flag-staflton 
the rock was on with the buoy a, b being to the right of a at 
the same instant 27° 25'. By protracting this angle accord- 
ing to Problem ii., we obtain the position of the ship, when 
the soundings increased or deepened to 13 fathoms. Then, 
again, 13, 13, 13, 13, 13, 13^, a left of b 13° 45', c right of 
B 28°; hence, by Problem v. (fig. 75), where the vertex of 
the triangle falls towards you, find the ship's position when 
this cast 13^ was taken. 13^, 13^, 13^, 13^, 13^, and 14, b 
nearly on with a, tacked ship, sent the boat in shore to sound, 
14, 14. Boat deepened into 14^ close in shore, with the buoys 
A and B exactly on with each other; c right of b 21° 10' 30". 

I have here at once introduced the practical method of trans- 
ferring to paper the line of soundings, b p, as they were ob- 
tained, which, of course, could not be done whilst the survey 
was actually going on, without the aid of several assistants. 
The soundings and angles are generally put down as above, 
during the day, on the log-slate on board both vessels, from 
which they are copied off, and handed in to the head surveyor 
every evening. 

The next course, pb, is S. 25° W., a and b on with each 
other, soundings 14^, 14 J, 14^, &c., 14, c right of b 37° 10'. By 
Problem ii. find the station. Then 14, 14, 14, 14, &c., 13;^^, c 
right of B 81°. Again, 13^, 13^, 13^, 13i,&c., 13. Tacked ship 
close to B and stood towards c N. 29° 30' W;. 13, 13, 13, 13, 
13, &c., 12|, A right of B 33° 20^; here we have the station 
in one side of the triangle formed by the objects: therefore, 
by Problem iii., find the position.- 12|, 12|, 12|, &c., passed 
close to c. 12|, 12|, &c., 12^, con with b, and a to the right 
22° 10'. Tacked ship close in shore and stood S. 25° W. ; small 
point at 72 a little on the starboard bow, soundings 1 2^, 1 2^, 1 2^, 
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&c., 12, c left of B 43"" 40% a right of b 43^ &0'; thea^ By 
Problem v. (fig. 72\ when the vertex of the triangle is turned 
from the observer, find the station. Then 12, 12, 12, 1 1, c left 
cfB 36^^20', A right of B 47° 12'. 11,11, ll,&c., 10,cleftof 
B 33'' 6(K, A right of B 45'' ; bore away and stood over E. 34"* 
30^ S«; small creek at ^ a little open to the left of a« 10, 10^ 
10, &c., 9i, c left of B 37° 20', a right of b 66°. 9^^ 9^, 9^, 
9^, &c.; passed close to a, 9, 9, 9, 9, 9, &c., 8^, b right of c 
11° 10', A left of c 41° 50'. 8:^, 8^, &c., 7i, b right of c 5^* 
50', A left of c 34° 30'. Hauled round to N. 25^ E.; when 
close in shore, between g and A, 7^, 7^, &c., 8 ; b and c on with 
each other; a left of b 50° 30'. 8, 8, 8, &c., 9; a left of b 38"* 
25', c right of B 19°. 9, 10, a left of b 35° 30'; c right of b 
22° 13'. 11, 12, 13; a left of b 20° 56', c ri^ht of b 23° 45'. 
The last two angles place the vessel again in the line dp, at 
the point f. Another line, 72F, would be marked down in the 
same manner; and all casts of the lead obtained within the 
triangle formed by the buoys would be laid down by ProbleiH 
iv. Of course, it cannot be expected that the actual number 
of casts taken during a cruize round a bay of the description 
represented in our figure, should be entered individually in the 
above work. A few have been noted, which it is hoped will 
sufficiently illustrate the method of conducting the survey. In- 
deed it would be impossible to render the process more familiar 
to the understanding of the young surveyor, by prplracting 
more soundinirs in the figure, as it would only create difficulty 
by setting before him a l>mpUcated labyrinth of interaections. 
The whole of the surveying problems have been already in 
the above process called into practice, and it will immediately 
occur to the young officer^ that» so soon as he has protracted 
with care a single line of soundings, such as dp, and marked 
in the figures with ink, he may that instant remove from his 
chart with Indian rubber the pencil lines and arcs by which he 
obtained the direction of that ]ine» and at once proceed to 
lay down a second line, for instance pb, and so on, from line 
to line, until a sufficient number have been obtained; but this 
cannot be done in our present draughty they must be preserved 
like the lines in the demonstration of a proposition, until 
the reasoning is complete and satisfactory : — and it is to be 
hoped that figs. 83 and 84 will not, from their formidable ap« 
pearance, prevent the stydent from patiently unravelling the 
various links by which the whole process is boimd. It the 
station pointer be used, there will oe no necessity for lines. 
In the foregoing example in the practice of Marine Surveying, 
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it must be understood that the whole of the operations were 
carried on in fine weather, that the buoys were perfectly steady 
and upright, and, being in a bay, it is supposed that they were 
uninfluenced by either tide or current, and maintained an un- 
changeable position during the time the survey was going on* 
It would be satisfactory to employ two needles in gomg round 
the shore, as a check on each other, as it will frequently be 
found that the same rock, hill, or stone, does not contain the 
same magnetic attraction on all parts of its surface; but at the 
distance of a few feet sometimes from where the attraction was 
found most powerful, the needle will be observed to rest quite 
undisturbed by its effects. 

To mcihe a survey of the entrance of a river ^and to fix several 
remarkable objects^ by which the survey may be continued 
along the coast. 

From the summit of the hills f, d, or a (fiff. 85), first take 
a general view and outline of the coast, and mark down, as 
near as the eye can estimate, the most remarkable objects, 
such as the hills at a, b, c, d, e, f, g. 

Then, supposing that no level plane can be found conveni- 
ently situated for a base line, determine the distance between 
A and c, or f and d, by the result of several experiments made 
by sounds choosing the most favourable opportunity to conduct 
tne operations; or the latitudes of two remarkable objects, 
making a small angle with the meridian, whose distance from 
each other is about twenty miles, may be careftilly determined 
with an artificial horizon, and from tnese latitudes the true dis- 
tance between the objects in miles and parts of a mile may be 
found, (page 101). 

Then, having obtained the distance between any of these 
objects, either by velocity of sound, or by difference of latitude, 
next proced to take the angles between the different hills and 
each object at the two extremes of this newly measured base 
line; then take the magnetic bearing of the two objects, and 
from a scale of equal parts, lay them down in a convenient 
part of a sheet of paper, not using less than one inch and a 
naif to a mile; draw out the angles, and mark their intersec- 
tions, also protract the magnetic meridian, and determine the 
angle contained between it and the true meridian, by an am- 
plitude or azimuth, or by the methods given for finding a me- 
ridian line, page, 108; the true bearing of any one object be- 
ing thus found, the true bearing and d&ection of ike base line 
and other objects may be easily laid down. But should it so 
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fortunately happen that an extensive plane could be found, 
then measure the bcLse line PR, and let it run in such a direc- 
tion that all the objects may be fixed with precision by the 
angles taken from its extremes, agreeable to the instructions 
laid down in page 91, on the measurement of a base line; then 
in your field-book make your remarks, and mark the angles 
down as follows; — 

Fixed on a point p on the north side of the river (fig. 85), 
and measured a base line in the direction pr, equal to 3080 
fathoms, or 3j»_ miles, the magnetic bearing of the station r 
from p being E. 5** 30' N. 

ANGLES TAKBK AT STATION P, LEFT OF PR. 

CPE . . .860 50' 

BPR . 67 10 

APR . . . . 75 12 

ANGLES TAKEN AT STATION P, RIGHT OF PR. 

DPR on with point g, . . . 44^ 15' 

aPR a sharp projecting point, north side, 50 40 

EPR on with the mouth of creek hcy . 67 50 

FPR on with rocky point dy . . 94 55 

GPR . . . . . 99 13 

^PR southern point, entrance to river, . 105 30 

ANGLES TAKEN AT STATION R, RIGHT OF RP. 
CRP . . . . . 95° 57' 

BRP . . . . .76 

ARP . . . . . 44 II 

ANGLES TAKEN AT STATION R, LEFT OF RP. 

DRP . . . ' . . 100° 30^ 
ERP . . . . .78 

CRP eastern point of creek mouth, 71 55 

6rp western point of creek mouth, . 67 50 

aRP projecting point on north side of river, 59 30 

GRP . . . . . 56 49 

FRF . . . . . 47 48 

Jrp rocky point, on with a small point g, 37 59 

Atrp southern point at the entrance to the river, 30 2 

The angles between every remarkable object, and the ex- 
tremes of the base line being now taken — First, Draw out the 
lines that are to fix the principal objects for carryinff on the 
future survey; rc and pc, rb and pb, ra £uid pa, will, when 
protracted so as to contain the respective angles, intersect 
each other in the points a, b, c, being the summits of the 
three hills on the northern side of the bdse line. In like man- 
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ner rd and pd, re and ps, Rcand pg, Rpand pf, when drawn 
out, will fix the objects n, b, g, p, on the southern sde of the 
base line; rA and vky will also determine the southern point 
k^ at the entrance of the rirer. Next proceed to find the dis- 
tances of the principal objects by logarithmic calculation. 

In the triangle rpc, we have the angle cpr = 36° 50', and 
the angle crp = 95** 57% consequently pcr = 47° 13' and the 
side PR = 3^ miles, therefore find the side rc = 2^ miles and 
352 fathoms, and pc = 4^ miles and 220 fistthoms. In the 
triangle rpb, the angle bpr = 67** ICK, and brp = 76**; conse- 
quently PBR = 36** 5(K, and the side pr = 3^ miles. There- 
fore find the »de rb = 5 miles and 242 &thoms, and pb 
= 5^ miles and 88 fisUhoms. 

In the triangle bpc, the sides pb and pc are known, and the 
contained angle cpb = 30** 20% being the difference between 
BPR and cpr; therefore find the distance between the ob- 
jects B and = 2^ miles and 264 fisithoms. Next, in the tri- 
angle PAR, the angle APR = 75** 12% and arp= 44** 11% and 
the side pr = 3^ miles; therefore find the side ra ^ 3^ 
miles and 264 fisithoms, and the side pa = 2^ miles and 264 
fieithoms. In the triangle bra, the two sides rb and ra are 
known, and the included angle bra =31° 59% being the dif- 
ference between brp and arp; consequently, &id the distance 
between the objects b and a = 2^ miles and 308 fathoms. In 
liie triangle rca, the two sides rc and ra are known, and the 
included angle cra =51** 46% being the difference between 
arp and crp; therefore find the distance between the ob- 
jects A and 0=3 miles and 25 fatthoms. In the triangle rdp 
the angle drp = 100° 30% dpr =44° 15% consequently rdp 
= 35° 15% and the side rp= 3^ miles; therefore find the 
side RD = 4 miles and 154 fathoms, and the side pd = 5^ miles 
and 330 fathoms. In the triangle rep, the angle erp = 78°, 
EPR = 67° 50% consequently rep = 34° 10% and the side rp 
^ 3^ miles; consequently find the side re :«= 5^ miles and 176 
fathoms, and the side pe =6 miles and 18 fathoms. In the 
triangle rde, the sides rd and re are known, and the con- 
tained angle dre = 22° 30% being the difference between drp 
and erp; hence the distance between the hills d and e will be 
found equal to 2 miles and 352 fathoms. Next in the tri- 
angle RGP, the angle gpr= 99° 13% grp== 56° 49% conse- 
quently PGR =23° 58% and the side rp = 3 J miles; there- 
fore find the side rg = 8^ miles, and the side pg == 7 miles 
and 194 fathoms. Then in the triangle rge, the sides re and 
RO are known, and the included angle erg «= 21° 11% being 
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the difference between erp and obp ; henoe find the distance 
between the hills b and g «* 3-^ znilesand 264 fathoms. Again, 
in the triangle rfp, the angle frp »> 47^ 48% and fpr = 94° 
55% consequently pfr «=* 37^ 17% and the side rp «« 3^ miles; 
hence find the side rf »» 5^ miles and 176 fathoms, and the 
side PF = 4 miles and 176 fathoms. Next, in the triangle rfg, 
the sides rg and rf are known, and the included angle grf 
= 9° 1% being the difference between grp and frp; there- 
fore find the distance between the hills f and & equal to 3 
miles. And last, in the triangle r^p, the angle Arp = 30° 2% 
and Apr =z 105° 30% consequently pAr = 44° 28% and the 
side RP 3^ miles ; hence, find the side rA = 5^ miles and 
132 fathoms, and the side pA 3 miles and 42 fathoms. The 
positions of the hills being thus determined by logarithmic cal- 
culation, make a dot at each point, and encircle it by a black 
line to render it more conspicuous, and write the name of the 
object it is intended to represent near it; then completely erase 
the intersecting lines rd, rg, ra, &c. &c., that the paper may 
be clear for the protraction of the other angles. 

Next, the distances between the hills CD, ce, cg, ga, gb, 
&c. &c., may be fotmd by calculation, which completes the 
scheme of points, for carrying on the survey along the coast 
and in the harbour. The hiU at h lying too oblique to the 
base liney its position will be best determined by measuring the 
angles rah and arh, after the position of a has been found ; 
by this means a more direct intersection is obtained. 

The paper may again be cleared of its lines and pencil 
marks, and several lines parallel to the magnetic meridian may 
be drawn. These lines are of great service in protracting 
angles, &c., and afford great facility in laying down a magnetic 
bearing, when filling up the little points and curvatures along 
the coast. Then draw out the lines rc, r&, and they will in- 
tersect the line pe in the two points c and 5, at the entrance 
of the creek; drawn out Ra, pa, which will fix the sharp pro- 
jecting point a. Next draw out the line nd, and it will inter- 
sect the line pd in the point ^, and pf in the rocky point d. 
Then as d and a are two conspicuous points that ships must 
pass, calculate their distances and lay them down. Deter- 
mine the point e by measuring the angles F6E and F6H; then 
trace the curvature roughly by the eye, and take the bearing 
of any conspicuous mark atjl Measure the same angles, and 
by the problem which determined the point c, find the true 
place of ^ and correct the curvature from the point k to e; or the 
bearing of e would have^been, for most purposes^ sufficient for 
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fin^g f* The points ky d, by c have already been fixed on 
the paper, by angles taken from both extremes of the base 
line; therefore determine by bearings the extent of the eunre 
between these points, and trace it with a pencil; sketch the 
mouth of the creek, and take the bearing of A, and guess its 
distance as near as you can, and fix it by a bearing of d, which 
also cuts the point j. Trace in the line of shore between c 
and A; from h take bearings of t, and points above it, in the 
flame manner, as &r as you intend to extend the survey. Fix 
the point i bv bearings of b and d; from i take a bearing of y, 
and sketch the curvature between them. After you have de- 
termined its -extent by bearings, verify the position of j by 
bearings g£ a and f ; eo round the curve between a and j, and 
find its ext^it ; sket^ it, and find the sharp curve or de^ 
bight at i^ and trace it correctly in from ^ to a. From a take 
bearings oig, and the north point at the entrance to the river 
j9, and go carefully round the winding coast between them, 
fixing by bearings the most remarkable curves and points ; 
determine the point p by one of the problems, and csuculate 
its position from A, the opposite point of the river mouth. Lay 
down the coast from j9 to « in the same manner, and determine 
s by the measured angles between a and c, and b and c. 
The point t may likewise be easily determined by Problem ii., 
lor the hill at b is in a direct line with the hifil at c, the angle 
between b and a to the right will give the position of t; then 
trace ii| the coast between t and «, and the land part will be 
completely laid down« But bef(»« commencing a survey of the 
coast and harbour, to lay down the soundings, islands, rocks, 
&c., it will be necessary to trace in the line of coast on your 
chart paper with Indian ink, marking at the same time the 
places of the different hills with ink also. The next operation 
is to lay down the soundings, which can be best conducted on 
a weatner tide, by standing from side to side, with either a 
fair or a working wind. Suppose, by our present figure, that 
the operation is commenced between the points i and j, with 
an ebbing tide, and wind from the W.N. W, the first tack to 
the S.W. towards the point h; then note down carefully the 
casts 4, 8, &c. of the lead, and take angles between f and e, 
o and E being on with each other; then by Problem iL pro- 
tract this line of soundings, and proceed in the same man- 
ner towards the mouth of the river, watching particularly for 
the coming on of one hill with another, also making sucn ob- 
servations and remarks as will enable you to give proper sail- 
ing directions, both for working or running in and out of the 



162 A TREATISE ON 

harbour, and be particular in sketching the different appear- 
ances of the land, such as rocky or sandy coasts, hills, towns, 
churches, or trees, that may serve for leading marks for clear- 
ing rocks and shoals, &c. Buoys, if you have them, must 
also be placed on the different spits or shoals, after care- 
fully sounding round each in the boat, where it would not be 
Srudent to approach with the Vessel. To determine and lay 
own the extreme of the reef of rocks near the entrance of the 
harbour, great care and labour must be bestowed from the 
dangerous position which they occupy. At low water let the 
boat be anchored on the very extreme of the reef; then with 
a sextant take the ans^les between o and f, and f and d, also 
between d and h, and h and b; then first find the station of 
the boat by the first angles, which is a case where the vertex 
of the triangle is towarik you, verify the result by a protraction 
of the angles subtended by fd and dh, which is a case where 
the vertex is turned from the observer; and lastly, protract the 
angles subtended by dh and hb ; then, if they all coincide, 
calculate the distance of at least three of the objects, suppose 
H, D, and F, and if the calculated sides agree with the pro- 
tracted sides, the station has been correctly determined, and 
may be laid down on the chart. The soundings along the 
edge of the reef can be found with the assistance of the boat 
also. Next stand off and on the coast, and determine in the 
same way the soundings, and mark down the different appear- 
ances of the land, and best leading marks for sailing or work- 
ing into the harbour. Land on the extreme points of the island, 
and fix your Theodolite, and measure the angles between all 
the objects and those points which are sufficiently conspicuous 
to be distinguished; fix the extremes of the island by protract- 
ing and calculating the angles subtended by ge, fe, ed, df, 
&c., go round the island and fill up the intermediate spaces 
by bearings, then lay down the other angles which you took 
with the Theodolite, and see whether they will intersect their 
respective points from the position given to the island by pro- 
traction, &c. of the above angles : if not, go over the work 
until the error is detected. When on shore, should any of the 
fixed hills be hid by others that have not been determined, or 
should it be judged that the fixed object is not conveniently 
situated for determining any point along the shore, then pro- 
ceed to the object so intervening, and by any of the problems 
find its position, and it will supply the place of those obstructed 
from view. Thus at all times a difficulty of this nature may 
readily be removed by pitching upon adjacent objects from 
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ivhich the fixed objects can be more advantageously seen, to 
assist us in determining a station on the shore. It may some- 
times happen that the angle between two of the fixed objectscan- 
not be directly hadj in consequence of some interposing object, 
in which case proceed as follows: — Suppose you required the 
angle cra (fig. 85), but at n, in the direction rc, a long low 
eminence intervened, but of sufficient elevation to hide the ob- 
ject at c entirely; then proceed to n, and erect poles on each 
side of it, until, by shifting them, you can fix a pole at n ex- 
actly in the line rc ; then the angle between this pole and a is 
evidently the angle required. It is a more tedious operation 
than would at first be imagined, to find a point such as n b.e^ 
tween two determined extremes, r and c, even on a plane sur- 
face, seeing that you have but the breadth of a line to hit up- 
on. It of course becomes doubly so, where the required point 
is on an eminence, because you cannot so conveniently shift 
the poles. The survey may be continued along the coast, both 
north and south, until the angles subtended by the different 
fixed objects, a, b, c, &c. become too acute^ which must evi- 
dently take place as we recede from them. It will be neces- 
sary, before this actually happens, to determine the position of 
other objects, either by measuring another base line on shore, 
if it can be done, as in the previous cases, or by the velocity 
of sound between two vessels at anchor off the coast; or by 
proceeding to the summit of other objects, their position may 
be determined by any of the problems, after the angles sul)- 
tended by some of the former fixed objects shall have been 
measured; and so the series of triangles may be continued to 
whatever distance it may be required to extend the survey; 
observing that it would be advisable, in consequence of an 
error wmch must arise from the difficulty of measuring the 
angles to a sufficient degree of nicety, the imperfection of in- 
struments, and still more the accumulating error in protracting, 
&c. to determine the position of a new set of objects at proper 
distances along the coast. Should a suitable plane present 
itself for a new bctse line^ some of the former objects must be 
included in this new scheme, and by a judicious arrangement 
they may be easily connected together. 

Directi(m8 for running into the Harbour. (Fig. 85.) 

On sighting the land, run in for the harbour (which you 

will knew from your latitude), keeping the hill at r on with 

-a remarkable sharp peak at e ; and on approaching the land, 
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the Boundingfl will mdually decrease to 9 fiithoms, distant 
about 2 miles from toe shore at k. Should the flood-tide be 
running, which sets directly across the mouth of the river at a 
rapid rate to the northward, it will be necessary to make due 
allowance on that account, by keeping the peak at s well open 
to the right of f, which will lead the ship clear of the extreme 
point of the reef of rocks, which extend from the northern 
point of the river. When abreast of it, you will have a few 
casts of 8 fathoms, and then deepen again into 9 and 10 
fitthoms. 

When the hill at a is open to the right of h, steer E. by N. 
until you bring the hill at d a little open to the left of the 
point at d; then, if the wind hangs to the southward, haul up 
east, and round the sand between d and ft in 6 fathoms, ob- 
serving not to shut the point k in with the point d, but keep 
them open until the hill at c is open to the right of the point 
A^ 99 you will then be dear of and above the spit of the sand, 
and may run into the anchorage close in shore above the point 
at a in 8 fathoms. The bottom stiff clay, and good holding 
ground ; high-water at 3*"' 30°"* p. m. full and (£ange of the 
moon; rise of tide 14 feet. 

At L is given a view of the land between t and p on ap- 
proaching tne harbour, bearing £. by N. distant about 4 miles; 
and at m will be seen a view of the town from the anchorage. 
The harbour is extensive, well sheltered, and capable of con- 
taining 200 vessels of heavy tonnage, under a strong fortifica- 
tion, with abundance of fresh water. 

After finishing the survey, it was necessary to determine the 
true direction of the base line with regard to the meridian, also 
the variation of the compass. Consequently from r, at sun- 
set, the angle between the sun's south limb and p (a conspi- 
cuous mark at the other extreme of the base line) was found 
to be 25° 46' when the sun's centre was considered to be on 
the horizon, making due allowance for the effect of refraction; 
then subtracting the sun's semidiameter from the measured 
angle, we obtain the correct angle between p and the sun's 
centre, = 25° 30', and the true amplitude by the methods 
given at page 105 was found to be W. 10° N., which, sub- 
tracted from 25° 30', gives the true direction of the base iinCj 
W. 15° 30' S. and the variation of the compass 10° west. 

The soundings were taken between the first quarter ebb 
and low-water, on account of the irregularity of the fall of 
tide during the first quarter ebb, which is much greater than 
at any other part of the tide, especially in rivers, where the 
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tide runs at a rapid rate, and has a considerable rise« In most 
cases, however, it will be found sufBdently correct (where the 
water is not very shallow) to deduct J of the full rise from 
all soundings taken during the first quarter ebb; and at half 
ebb deduct half of the whole rise from the soundings then 
taken; at the last quarter ebb deduct ^ of the full rise: but 
from various causes, which operate on the tides, such as the 
positions of the sun and moon with respect to each other and 
the earth, also gales of wind, and other extraordinary causes, 
it would be difficult to give any fixed rule for reducing th^ 
soundings taken during a rising or ebbing tide to low-water, 
which ought to be the case when the water is very shallow. 
It must be the business, therefore, of him who undertakes the 
survey of a harbour or river to ascertain by every exertion 
and experiment the full rise during ordinary spring-tides, by 
which, and other circumstances, he must regulate his scale of 
soundings accordingly, being at all times careful to mark down 
on his cnart less water, rather than give a greater depth than 
there actually is, by which serious accidents to shipping might 
occur. It is necessary also to note particularly the direction 
of the tide at the different quarters, and the number of hours 
of ebb and flow, respectively. 

To survey a coast which lies in an east and tvest direction. 

Let fig. 87 be part of a coast extending in an easterly and 
westerly direction ; then, if no suitable plane can be found on 
which a base line can be measured, anchor the two surveying 
vessels as nearly east and west from each other as possible, 
making allowance for the variation of the compass when you 
are about to bring the ships to an anchor. Suppose a and b 
are the stations taken by the vessels, and so situated that the 
different islands outside of them may be correctly laid down. 

Then let several guns be fired from each vessel alternately, 
whilst two or three observers with chronometers, or if pos- 
sible with a stop watch, such as described at page 97, note 
the exact interval between the flash and report of the gims. 
Suppose the result of several experiments gave a distance of 
seven miles between the ships ; the operation must of course 
be conducted in calm, clear weather, and to prevent the vessels 
from swinging about, it will be necessary to ride with as little 
scope of cable as possible; when the intervals have been all 
carefully noted on board each ship, next let the signal '* pre- 
pare to take angles " be made on board the senior officer's 
vessel, and when answered by the assistant, the signal should 
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be hauled down, and another flag should be hoisted at the mam 
royal mast-head, to signify that the operation of measuring the 
angles is to commence. The flag must be kept flying until the 
whole of the angles on the one side of the base line shall have 
been completed by both vessels at the same instant, and com- 
mencing with the same object from both extremes, if possible, 
which will have a tendency to counteract any errors in the 
angles that might arise from the motion of the vessels, while 
the measurement is going on. One assistant should mark down 
the angles and remarks, whilst the other measures and reads 
them off. The following angles in our present figure will be 
noted thus, commencing from a, which we will consider the 
station of the senior officer's ship: 

Angles taken at a to the left ofB^ the assistant vessel's main^ 

mast. 

c a hill to the left of b, . . . . 1 10° 50' 

D a bluff hill to the left of £, and on with a hill on island a, 85 50 

E a round peak to the left of b, . . 63 45 

r a high peak to the left of b, . . . . 54 10 

o a remarkable sharp-pointed peak, and on with two rocks b and c, 45 10 

Angles taken at b to the right o^a, the senior officer's main^ 

mast* 

c to the right of a, and on with the hill on the island a, 43^ 20^ 

D to the right of a, and on with rock b, . . 67 

E to the right of a, and on with rock c, . . 87 15 

F to the right of a, . . . . . 104 

to the right of A, ..... 108 16 

The angles being finished on the north side of the base line, 
the flag may be hauled down, and the former preparatory sig- 
nal may again be made until answered by the assistant vessel ; 
and when the signal flag is again seen flying at the senior of- 
ficer's main royal mast-head, commence taking the angles on 
the south side of the base line as follows: — 

Angles taken at b to the left ofh^ the senior officer's main- 
mast. 

H a peak on long island to the left of senior officer's main-mast, 31° 40^ 

1 a hill on round island, on with a peak ^, and two other small 

islands e and/, . . . • 47 47 

K a conical-shaped hill on a large island, . . . 67 

g and h two small islands on with each other, 86 52 

L a peak on high island, left of a, . . 106 6 
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Angles taken at a to the right o/*b, the assistant vesseVs 

maifir^nast. 

f and h two islands on with each other to the right of b, 23^ 4^ 

€ and g on with high island l, . . 36 20 

d on with conical hill at k, . . . 68 

I round island hill, . . . . . 92 2 

H peak on long island, . . . . Ill 

After all the angles have been taken, also a sketch of the 
coast and islands, next determine the true direction of the base 
line by an amplitude, as in last example. The vessels may 
then weigh and close, and it will be the duty of the assistant 
to furnish the senior officer with a copy of all the angles and 
observations he may have made, who will protract and calcu- 
late the distances of the different objects, and lay them down 
on a chart, as described at page 139 (fig. 83.) Then, when 
a rough sketch has been completed, land with the boat on 
some of the islands or objects most favourably situated, and 
with a Theodolite take angles between the most conspicuous 
of them, and protract them on the rough chart. If they agree 
with the positions given to them by the angles taken from the 
extremes of the base line, the work is so far correct; and we 
may look for such a result, providing that the distance between 
the two ships was, under favourable circumstances, correctly 
obtained at the commencement of the operations, which in a 
great measure depends on the nicety of the instruments with 
which the observations were made. 

The next operation is to determine the points and outline 
of the coast, none of which were fixed by angles taken from 
the extremes of the base line, in consequence of the uncertainty 
of marking the identical spot on any part of the coast from botn 
ships at anchor so far apart, without which the two angles 
would not intersect on the point required. Proceed, therefore, 
to the different points, and fix them by intersections of the 
needle, and sketch in the curvature of the coast between them, 
as shown at page 141 (fig. 83); but when any material point 
is to be determined, recourse must be had to logarithmic cal- 
culation by some of the methods given amongst the problems. 
The objects in our present (fig. 87) will be found most conve- 
niently situated, lying, as many of them do, on the islands far 
from the coast, and therefore unobstructed by woods or inter- 
vening heights; but it may happen that the coast to be sur- 
veyed is not at all times so favourably circumstanced; there 
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may be no objects whatever on the sea side of the coast, and 
those inland (although perfectly ^risible at a small distance 
from shore) may, on approaching it, be kept from our view 
by high land or a thick intervening wood. In which case, 
determine the true positions of the inland objects from the 
extremes of a base line^ either measured by the velocity of 
sound, as in fig. 87, or on a convenient plane beyond the wood 
or high land, and suppose A is a point to be laid down on the 
ooafit, but that the objects c, d, b, &c., cannot be seen from it. 
Set up a high pole at A, and station an officer by it, and send 
another officer in the boat with instructions to pull out until 
he can see the summit of c above the intervening land or wood ; 
and when he has brought the pole at k exactly on with c, let 
him anchor the boat if possible; or, if there is no anchorage, 
let him hoist a pendant or flag at th(S instant the coincidence 
takes place; ana he must contrive to keep the boat in that po- 
sition, until the officer on shore makes some previously con- 
certed signal, signifying that he has obtained a correct bear- 
ing of the boat, which we will suppose was at m, S. 13® E., 
two miles and a half from the point A, at the instant the bear- 
ing was taken. The officer must next pull or sail until he in 
like manner brings the pole at A in a direct line with the sum- 
mit of the hill at n, which, being further inland, and higher 
than Cj will be seen sooner and at a less distance from shore : 
the pendant must again be hoisted until the officer on shore 
takes a precise bearmg of the boat at n, S. 29° 30' W., two 
miles distant from k. It will readily be seen that these two bear- 
ings of the boat from the point A, with the hills c and n respec- 
tively on with A, are precisely what they would have been nad 
the observations been made by an observer from the summits 
of the objects, with the point k on with the boat; consequent- 
ly, if a line be drawn, S. 13° E. from c, and from n S. 29° 30' 
W., these two lines will intersect each other at A, the true po- 
sition of the point required, so far as a magnetic bearing may 
be depended upon; and any number of intersections may be 
used, always observing to begin either to the right or to the 
left, taking the objects in succession, by which arrangement the 
officers wm have no difficulty in following the movements of 
each other, until the objects can be seen distinctly from all 
parts of the shore; the services of the boat will then be of no 
further utility. The point p would in like manner be fixed by 
lines drawn from e and f, in the direction of the two bearings 
of the boat, taken from the point />, and so on with all other 
points or rocks. The curvature of the coast between them 
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must be filled up as directed at page 139, fig. 83, and when 
the outline of the coast is coirectly laid down, proceed to lay 
down the soundings, shoals, and rocks, as directed at page 145, 
fig. 84, and draw on one part of the chart the different appear- 
ances of the land as you sail along it; observe the sets of tide, 
and currents, with their peculiarities; also the rise and /all 
of tide, and the time of high-water, at the full, change, and 
new moon. Ascertain and describe particularly all leading 
land-marks, for avoiding rocks or shoals; point out good 
anchorage, by inserting an anchor with leading marks and di- 
rections for finding them ; also watering-places, with every 
particular relative to the nature of the anchorage, and most 
expeditious mode of procuring the water. State particularly 
whether the coast affords places of shelter into which vessels 
might run in bad weather, under what circumstances, the ca- 
pacity of the bay or river, and safest method of approaching it 
in a gale of wind. Determine with the utmost exactness the 
latitude and longitude of the most conspicuous hills, or points, 
near the entrance of the harbour, or adjacent to it on the coast; 
and take careful views of them at different distances firom the 
land; insert these in the chart, with appropriate names, that 
they may be easily and readily recognised by commanders of 
ships, and those who may happen to make these points in first 
approaching the coast. 



How to obtain a Base Line by Latitudes or Longitudes^ and 
from thence to fix the objects fi}r surveying the coast. 

If the coast extends from east to west, as in last example, 
fig. 87, and, from circumstances, a base line by the velocity of 
sound cannot be measured, and no level plane can be found, 
then determine the latitudes of two hills in the direction of g 
and F, but select those as nearly north and south of each other 
as pos^ble, and at the distance of at least twenty miles; then 
by their difference of latitude and bearings find the distance 
between them, which will be an arc of a great circle of the 
earth : but its chcMrd, which we have already shown to be twice 
the sine of half the arc, must be used as the base line; the true 
bearing, as well as magnetic bearing of the objects, must be 
observed, to obtain their distance. From the extremes of this 
base line find the position of c, d, &c. and then proceed as be- 
fore to delineate the coast, and fix the objects lying off the 
coast, such as h, i, k, l, &c., also rocks, shoals, and soundings* 
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Should there not be a fit object in the direction of F, the Ion- 
gitude and latitude of the mil g must be determined, and by 
the method given at page 101 find the latitude and longitude 
of the hill at R, about 34 miles from o; make the chord of 
that arc the b<ise lincj and firom its extremes fix the objects 
l}dng oS the coast, by which the different stations along the 
coast may easily be laid down, and the survey completed as 
before. 

If it should so happen that the coast is flat, without any re- 
markable objects inland, or at a distance off shore, whose lati- 
tude or longitude might be determined for one extreme of a 
base line; in that case find a meridian line, making some oon- 
spicuous point on the coast, such as h, fig. 87, one extreme of 
it : then, at as great a distance in that line as the report of a gun 
can be heard and signals be made out, erect a conspicuous 
flag-staff, and, by the result of several trials made from each 
extreme simultaneously, determine its distance from k by the 
velocity of sound; then determine trigonometrically the dis- 
tances of other flag-staffs, set up at convenient positions along 
the coast, and from these fix otners; observing always, if pos- 
sible, to lay down the soundings as far firom the shore as the 
signal-posts can be seen, before they are removed to any other 
station. When the angles become too oblique, discontinue the 
operation, and again measure a base line as before, providing 
no plane can be found; observing to include some of the former 
flag-staffs in the new scheme. Few coasts, however, are so 
bare as not to offer some conspicuous objects by which the 
outline and soundings may be laid down: but it may occur 
that one high object only can be found for several miles along 
a coast at a short distance inland, suppose at d, fig. 87. Some 
of the principal points may, in that case, be found from it as 
follows : — 

Determine the distance of d from the point A, by the velo- 
city of sound, and observe well its magnetic bearing. Erect 
flag-staffs, if necessary, at s and r, and at k with a sextant 
measure the angles Dks=z 67° 50', and d A r = 22° 5'; also 
take magnetic bearings of any little projection between A, «, or 
A, r, sucn as the point t, after which proceed to s and take the 
angle d 5 A = 88° 10'. Here we have obtained two angles of 
the triangle d A *, consequently the third angle A d ^ is = 24°. 
Lay off the angle kvs and it will intersect the side A « at the 
point s. Next go to r, and take the angles DrA=c 119° 30', 
and D r/> = 107° 10': then in the triangle d r A two angles 
are known; therefore the third angle r d A is found = 35° 2y. 
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draw oat the angle and it will intersect A r in the point r; 
from r take the bearing of (9 and it will intersect the former 
bearing in that point. This easy method of fixing the points 
on the coast may be more extensively employed in surveying 
a bay or harbour that may have some conspicuous object or 
island^ situated in such manner that angles may be taken right 
round it, when a base line cannot be measured on shore, or 
when other objects do not present themselves. Small islands 
may also be surveyed singly in this manner, by having con- 
^ieuous siff nal-posts erected near their centre, and then going 
round the island, commencing at a point whose distance and 
magnetic bearing firoim that signal-post had already been de- 
termined, in the mazmet in which the distance between d and 
the point h was found. Suppose it were required to determine 
the outline of the island (fig. 88), of three or four miles extent, 
on which a base line could not be measured, in consequence of 
woods or uneven ground. At p, near the centre of the island, 
or at any station near the centre, from which all the points along 
the coast can be distinctly seen, erect a conspicuous flag-staff, 
and determine its distance and bearing firom the point g, either 
by measurement or velocity of sound, then, if the points at a, 6, 
c, dj &c. be low and ill-defined, erect poles with flags on them, 
and then take, with a theodc^te or sextant, the angles pg& VGa 
PGc, PG€/, &e. and note them in your book, then go on to b and 
0, and take the angles p6g, p^g; hence we obtain the third 
angle gp6 and GPa. Then to protract these angles, first draw 
on paper the line pg, and lay down the distance between these 
two pdbnts from a scale of equal parts, next protract the angles 
pg6, pgcz, and draw out the lines g5, oa, &c.; then from 180° 
subtract the sum of the angles pg&, p&g, and we obtain the 
r^Doaining angle of the triangle gp&; protract this angle, and 
it wiU intersect the line g6 in 6; in like manner find the angle 
Gpa, and draw it out,, and it will intersect the Hne Ga in a; 
the curvature of the coast between G and a, or between any 
of the points thus determined, must necessarily be sketched in 
while on the spot. Go round the island in this way until 
the whole is filled in, making use of occasionally a magnetic 
bearing where it may be found convenient. 

If several islands are together, their positions must be laid 
down in a similar manner, if the group is not very extensive, 
and even then the method will answer, providing the fixed 
object can b^neen firom the extremes of the cluster; but two 
objects in that case might be erected, if the islands did not hap- 
pen to be of a hilly nature; and the distance between iiae^- 
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might be detennined by the velocity of sound; or by their dif- 
ference of latitude, if in a north ana south direction, and at a 
sufficient distance apart; or by difference of longitude, deter- 
mined by chronometer, if the islands run in an east and west 
direction; for instance, the islands h and l (fig. 87) would be 
conveniently utuated for a base line in an east and west di- 
rection, or the distance, Ke or k/^ might be determined by 
two latitudes and a bearing, from me extremes of either 
base line, the position of other objects on the different islands 
may be fixed, after which a distinct survey of each island may 
be carried on, as in fig. 88 ; then sound between them, and at 
a distance around them, note the rise and fidl of tide, and its 
direction, or the set of the current, and every other particular 
as before directed. If it were found impracticable to land on 
an extensive chain of islands, either from the un&vourable na- 
ture of the shore, or the savage state of the natives, a pretty 
correct survey may be made, by sailing until two of the most 
remarkable objects (at a great distance apart) are brought on 
with each other, at which mstant let a correct bearing be taken, 
which must be afterwards corrected for variation, to obtain 
a true bearing; then if they lie in a north and south direction, 
anchor the vessel due east or west of each object, on following 
days, and determine their latitudes; or if there is no anchorage, 
heave the ship to in that position, until you have made the 
observation. For example, suppose it were required to make 
a survey of the island (fig. 88) on which, from some cause, it 
was not possible to land. From o, with the objects a and b 
on with each other, take with an azimuth compass their mag- 
netic bearing, S.E. 14® 40', which bearing, corrected for the va- 
riation previously found, gave the true bearing of the objects 
S. 5® E. At M and n, on different days, with the objects a and 
B due west, anchor the ship if possible, or heave to, until the 
latitude of each object has been correctly obtained; then, with 
the true bearing and difference of latitude find the distance ab ; 
that is, in this problem we have given one side of a right- 
angled triangle, being equal to the difference of latitude laid 
off on the true meridian; also the angle included between the 
meridian and true bearing of the object, consequently the third 
angle of the triangle is known; with these data find the hypo- 
thenuse, which is the distance required between the objects. If 
the distance thus found be very great, it must be considered, 
as before observed, as an arc of a. great circle of itk earth, the 
cord of which must be used as the base line for carrying on 
the survey round the coast of the island; but if the distance 
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does not exceed 10 or 15 miles, the arc may be considered as 
differing in no sensible degree from the cord itself, and may 
consequently be taken at once from a scale of equal parts as 
the base line. 

Send the boat in shore when the water is perfectly smooth, 
and when she has approached the point f as close as she pru- 
dently can, let go the anchor, and take with an azimuth com- 
pass the correct bearing of the objects a and b, which, accord- 
ing to the method at page 116, will give the position of the 
boat; guess the small distance between the boat and the point, 
and mark it down on the rou^h draft, which cannot be far 
"wrong, supposing the whole distance to be only one or two 
hundred yards; also sketch in the curvature between g and f, 
observing that the bearing of b passes over the small point g; 
from the position of the boat near the point f, take a correct 
bearing of the point at d, and as many other points or projec- 
tions as may be seen from this station, and draw them out on 
the chart, guessing their distances as near as possible, which 
will greatly facilitate the delineation of the coast between those 
points. 

Next proceed towards the point d, noting the soundings and 
corresponding bearings of a and b as you go on; also correct 
the outline of the coast, and sketch its dinerent appearances; 
at s take a bearing of a, and draw it out, and it will intersect 
the bearing f^ in the true position of g; anchor the boat as 
close into the point d as possible, and fix its position by a bear- 
ing of one or both the objects a and b, and again correct the 
outline of the coast which you have sailed along; another bear- 
ing of the point g may also be taken to verify the position 
g^ven to it by the first observations; at this station also note 
the correct bearing of the hill at r, and the headland at h, 
and proceed on in the same manner as from f to d, and reach- 
ing the point h, fix the position of the boat by bearings of the 
two objects, and sketch in the curvature from d; also take an- 
otlier bearing of the hill at r, which will intersect the former 
bearing taken at d in the true position of r; and in like man- 
ner any other remarkable object may be fixed, should it be on 
the island, and required. The object at r will be found useful 
in surveying that part of the coast from h to a. 

For the correctness of this method of surveying, of course, 
much depends on the accuracy of the latitudes and bearing of 
the objects, and it may be applied to the survey of an extensive 
coast as well as islands, when two objects can conveniently be 
brought on with each other to obtain their bearing, such as by 
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sailing round a headland, or into a bay, &c.; and it would be 
advantageous, when the ooast runs in a north and souiii direc- 
tion, to diooee those objects (if a choice can be made) which 
make as small an angle as possible with the meridian; but if 
the ooast lies in an east and west direction, two objects which 
subtend an angle of about 45^ £rom the mmdian may be 
chosen. 

A survey of a ooast suffidently correct to answer the pur- 
poses of navigation in a certain deg^ree, may be made while 
sailing alons it. For example, let it be required to survey 
that part of Uie coast between the headland at y and the point A, 
(fig. 87). Stand as close in to y as vou can, and, if practicable, 
anchor the ship ; but if there should be no anchorage, then heave 
the ship steadily to, until you make the necessary observations. 
First take the bearing of the extreme headland y, and dravr 
out the line on your draft, making some mark, such as v, or 
any other mark you choose, to denote the position of the ship; 
next, guess with great care the distance of y from the ship, 
which we will estimate at ^ of a mile. Take this distance 
from a lai^e scale of equal parts, and lay it off on the bearing 
line. Sketch, in the form of the headland, also the land and 
coast between y and the point A, the bearing of which must 
be most correctly observea and drawn out on the rough drafit, 
with its estimated distance. Then take the bearing of the fol- 
lowing objects and projections of the coast, namely, the hill 
at R, the small point x on with the hill at k, the pomts w and 
z; then draw out these bearing lines. This part of the work 
being completed, obtain the latitude of the ship by sun, moon, 
or stars, aiso the longitude by chronometer. After these ob- 
servations have been made, and the whole carefully noted on 
the log-slate, or in a book, make sail, if the wind will pennit, 
and stand directly towards the point A, noting precisely the 
minute the ship starts, and carefully measure, by a correct log- 
line, the rate of the ship's going. Tnis must be repeatedly done, 
to obtain her mean rate of sailing. Massey's patent log may 
also be towed astern, as a check on the other, or the distances 
given by each can be added together, and a mean of the two be 
taken for the distance run; also let the soundings be noted 
as you proceed on; when you are abreast of the point x (as at 
No. 1), take its bearing and draw it out, and it will intersect the 
bearing line of that pomt taken at v, in the true position of x; 
but to know the distances of the point when each bearing was 
taken, we must ascertain the distance run between the station 
at v and No. 1.; this is to be found by aproportion, having the 
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time elapsed whilst running between the two stations; then say, 
if the ship sails a certain number of miles in one hour, what d&- 
tanee had she run during the elapsed time the distance thus 
found may be considered as a base line? and, providing the ob- 
jects be not at a great distance, their positions will be correctly 
obtained by the bearings taken from its extremes, if the ship's 
run has been exactly measured. 

From No. 2 take bearings of the point tr, which happens to 
be on with the high object at k, noting the time elapsed, as 
before; then take a bearing of the hill at r, and that will fix 
its position by intersecting the former bearing taken at v; this 
line also passes over the point at x. From this station, No. 2, 
take a bearing of the island at v^ and again sketch and correct 
your former rough outline of the coast from y to z. At station 
3 it would be advisable to heave the ship to, whilst bearings of 
all the points and remarkable objects are being observed; take 
a bearing of r, and fix the position of the hill at k by a bear- 
ing, which also passes over and determines the position of the 
isuuid at V. From this station take the bearing of some re- 
markable object which extends beyond the point A, such as e 
or G, and which can afterwards be fixed by an intersecting 
bearing i^hen opposite to it, having the distance run by log; if 
two or more objects can be selected, they will be of use in 
carrying on the survey on that side of k. When abreast of 
the point z, determine its position by a bearing; and when you 
have reached the point A, put the vessel into a similar position 
to that which you occupied when off" the point y; then take 
the bearing of the point and guess its distance ; take also the 
bearing of r and k, and fix the ship's position by these ob- 
jects, which ought to place her in the same station as the dis- 
tance run ; then sketch the point k and coast correctly in, and 
take a bearing of some point or headland further on towards 
6, for a second operation, and so continue the s\irvey as far as 
necessary; observing, that when you relinquish the work, to 
do it as near to some remarkable headland or conspicuous ob- 
ject as possible, that you may resume the work with certainty, 
and before leaving each station, obtain its latitude and longi- 
tude if possible; afterwards cruise between the stations, and 
lay down correctly the soundings, rocks, and shoals, ascertain 
the rise and fall of tide, and its direction on both ebb and flood 
with the time of high-water; mark down particularly the en- 
ttmce of any bay or river, and if opportunity offers, make a 
faithful sketch cf it, and give proper directions for finding it 
on the coast. 
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, on Survey in the Straits of 
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F. 



2 
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9 



Wind*. 



6 

7 

8 

9 

10 

11 
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1 
2 
3 
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5 
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7 

8 

9 

10 

11 
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1 
2 
2 



2 



6 
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S.W. 

S.byW. 

• • • 
S. by E. 
S.S.W. 

• • • 

£. 
S.W. 



S.E. 
Eastw^. 

N.E. 
Eastw^. 



IngB. 



S.E. 

Tacked. 



Tacked. 
W.N.W. 



S.byW. 
S.S.W. 

• • • 

E. 



WS.W. 



E. by N. 



o 
o 



Westw**. 



Tacked. 



N.W. 



S.E. 

Calm 

North w**. 

EastW*. 



10} 

11 

11 

14 
10 
19 
19 
18 
19 

7J 



H 

6 
5 
4} 

9 

8J 
8} 

^ 

8* 
8* 



A.M. Fine clear weather. 

2 ▲.M. Tended head to the eastward. 

4 A.M. Weighed and stood to join the 

officer. 
O rise. St John's hill right of Q's south limb ^\ 

S', alt. O's L. L. 10 19^. St John's and sooife 

hill, 46<> 40^. St John's hill and Peak Antonio, 

780 39^. St John's and Platform hill, 28«53'. 

Angles left of St John's. Round Island, 48° 2?. 

Summer Island, 57<> 12'. White Rock, 60° lO-. 

Northern extreme of Long Island, 62° 15'. 

Southern extreme of ditto, 98<^ 20'. Extreme i 

mainland, 110<> SO'. 



Noon. Light variable airs and hot sultry 
Part of the crew employed altering sails; carpent- 
er making oars for the launch; other part of tiir 
crew variously ediployed. High peak on Siuniso 
Island and St John's hill, 71° 3'. St Jolin'sffii 
Platform hUl, 32° 18'. St John's and Peak.^ 
tonio, 890 57/, g^ John's. S. 31° E. Sea: 
officer's vessel S. 4° W. at anchor, distant M 
1^ miles. Latitude observed, 13° 12' N. 

1 P.M. 



2 P.M. Light variable airs. Spoke the senior 



3 P.M. Senior officer weighed and stood dovna 
company, having made the signal " prepare '•!> 
take up a position for measuring a base lioe. " 



set. Cloudy weather, with squally appearance 
the S. E^' 6^' 15"- p.m. a heavy squaflfr* 
the S.E. with rain. Clewed up the topsails a»i 
courses, and furled them, and sent down top# 
lant yards. Anchored with the larboard bo** 
in 8} fathoms to measure a base line; senior on- 
cer E. by S. about 5 miles. St John's, S, 50° ^ 
High peak on Summer Island and St Jobn's, 93 
12'. St John's and Peak Antonio, db'^ ^' ^' 
treme of the main land, S. 30** W. 



Midnight. Fine clear weather. 



^ Commander. 



K. 



F. 



Courses. 



Winds. 



Sound- 
logs. 



REMARKS— 1%iir«iair, Wh Januanf' 



o 

<1 



o 



N.W. 



N.E. 



N.N.E. 



7* 

7 

«} 
7i 
7i 

8} 
9 

8i 



A.M. Fine clear weather. 



3 A.M. Tended to the flood. 



Cahn. 


8 


« • • 


8 


N.N.W. 


7i 


N.N.E. 


7J 


... 


7i 


... 


7 


S.W. 


7} 


Westw'*. 


8J 


Calm. 


8} 


• • • 


9 


• • • 


H 


• •• 


H 


• •• 


8 


E.S.E. 


7} 



5 A.M. Sent the launch on shore for water. 

6 A.M. Cut six fathoms of the starboard bower- 
cable, and rebent it again. Sent up the top-gal- 
lant yards. 

7 A.M. Tended to the ebb; hove in the slack chain 
preparatory to taking angles. 

8 A.M. Launch returned; cleared and sent her on 
shore again, with instructions to note the sound- 
ings on her way. 

11 A.M. Senior officer made signal, "prepare to 
measure a base line by sound." Answered the 
signal, and noted a mean interval of 27'' between 
the flash and report of four guns. Repeated the 
experiment, by firing a gun four times whilst the 
senior officer noted the interval on board his ship. 
Took a set of angles on both sides of the base 
line, as per book. Part of the crew employed 
ffiling water : sail-maker and six hands repairing 



P.M. Light airs and clear weather. 

2 P.M. Senior officer made signal for the boat; sent 
her with an officer, and a copy of the angles taken. 

4 A.M. Tended to the flood. 

5 P.M. Launch returned with water; moored her 
astern. 

set. High peak on the mainland, and 0's S.L. 
720 12'. White Rock and Q's N.L. 29^ ICK. 
White Rock and Round Island, 58° 7'. 

9 P.M. Tended to the ebb. Boat returned with 
orders for us to weigh in the morning, if clear 
weather, and sound along the shore. Moored the 
boat astern ; the work being done, gave the crew 
an extra dram. 

11 P.M. Squally appearance to the eastward. 

Midnight. Moderate breeze, with light rain. 
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THE LOGARITHMS OF NUMBERS, 
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EXPLANATION OF THE TABLE OF THE LOGARITHMS 

OF NUMBERS. 



LoGAfiiTHMs are a system of numbers designed to fadlitate 
the arithmetical operations of multiplication, division, involu- 
tion, evolution, &c., and are arranged in tables* so that each 
number is placed opposite to its logarithm. The product of 
any two or more numl^ers in the table is found by adding to- 

f ether their logarithms, and the quotient of any two numbers 
y subtracting from the logarithm of the dividend that of the 
divisor. 

In the common system of logarithms, the logarithm of 1 is 0, 
the logadthm of 10 is 1, the logarithm of 100 is 2, the lo- 
garithm of 1000 is 3, and so on. Hence, it is evident that 
the logarithm of any number between 1 and 10 must be a 
decimal fraction; that of any number between 10 and 100 
must be 1 witli some decimal annexed; that of any number 
between 100 and 1000 must be 2 with a decimal annexed; 
and in short, the integral part of any whole or mixed number 
is always a unit less than the number of figures in the inte- 
gral part of the corresponding natural number. The integral 
part of a logarithm is called the index or char<wteristic. 

Since the logarithm of 1 is 0, the logarithm of any number 
less than 1, that is, of any fraction, must be negative* When 
the logarithm of a fraction is required, it is always convenient 
first to convert it into a decimal, and then to find the logarithm 
corresponding to the integral number represented by the same 
digits, prefixmg a negative index, that index being always a 
unit more than the number of cyphers between the decimal 
point and the first significant figure. The negative sign i^ 
generally written over the index instead of before it. 

To shew at one view the method of prefixing the index of 
a logarithm, we give the following examples of numbers, con- 



usting of the same digits, with their corresponding Ic^^ 
rithms: — 



MUMBBE8. 


LOGARITHMS. 


3598 


3.556061 


359.8 


2.556061 


35.98 


1556061 


3.598 


0.556061 


.3598 


1556061 


.03598 


2.556061 


.003598 


3.556061 



To find the logarithm of any whole number between 1 and 100. 

Look for the number in the cohmui marked N in the first 
page of the table of logarithms, and immediately on the right 
of it will be found the logarithm sought, with its proper index: 
thus, log. 72 is 1.857332. 

To find the logarithm of any number between 100 and 1000. 

Look for the given number in the column marked N in any 
of the pages of tne table except the first, and immediately on 
the rignt of it, in the column marked at the top will be found 
the decimal part of the logarithm sought, to which the proper 
index must be prefixed: uus, log. 698 is 2*843855. 

To find the logarithm of any number between 1000 and 

10,000. 

Look for the three first figures in the column marked N, as 
before, and the fourth figure at the top or bottom of the page, 
then the number in a straight line with the three figures in 
the column N, and directly under the fourth figure, is the de- 
cimal part of the logarithm sought, to which the proper index 
must be prefixed: uius, log. 4968 is 3.696182. 

To find the logarithm of any number above 10,000. 

Find the logarithm of the first four figures in the manner 
already described, to which prefix the proper index; then take 
the number opposite to it in the column of differences marked 



D, and multiply this number by the remaining figures of the 
ffiven number; from the right of the product cut off as many 
ngures as the multiplier contains; the remaining figures added 
to the logarithm already found will be the logarithm required: 
thus, let it be required to find the Ipgarithm of 465-976. 

Log. of 465.900 is 2.668293 Diff. 93 

Add 70 X 76 



Log. of 465.976 2.668363 70|68 

It may be remarked, that when the first figure of the proi- 
duct x)i the tabular difference by the remaining figures of the 
given number which is cut off is above 5, it is usual to carry 
1 to the next number: thus, in the above example 71 should 
be added to the logarithm found in the table instead of 70, 
since the first figure cut off is 6, and the true logarithm will 
be 2*668364. 

To find the natural number answering to any given logarithm. 

Look for the decimal part of the logarithm in the different 
columns, and in the column marked Nin a straight line with 
it the three first figures of the natural number will be found ; 
the fig^e at the top of the column in which the logarithm 
stands will be the fourth figure, which is to be annexed to the 
other three. 

But if the given logarithm be not found exactly in any of 
the columns oi logarithms, take that which is next less, and 
subtract it from the given logarithm; divide the remainder by 
the tabular difference, annexing as many cyphers as there are 
figures required, and annex the quotient to the figures already 
found ; place the decimal point according to the index of the 
logarithm, which will give the number required : thus, let it 
be required to find the number whose logarithm ia 3»496548. 

Given log. 3.496548 Tab. diff. 139)3300(24 
The next less is log. of 3137 3-496515 

Remainder 33 

Hence the number sought is 3137-24. 



EXPLANATION OF THE TABLES OF LOGARITHMIC 
SINES, TANGENTS, AND SECANTS. 

To find the logcurithmic stne^ tangent^ and secant of any num- 
ber of degrees and minutes. 

Find the number of degrees, if tess than 45^, at the top of 
the page, and the minutes in the left-hand column marked M, 
then in a straight line with the nuttiber of mit^iites, under the 
words Sine, Tangent, or Secant, will be found the logarithm 
of the given number of degrees and minutes. 

If the number of decrees be above 45*^ and less than 90°, 
find the degrees at the bottom of the page, and the minutes in 
the right-hand column marked M. 

When the degrees are above 90°, take their supplement and 
find its sine, tangent, or secant, which is also the sine, tan- 
gent, or secant of the given number of d^rees and juinutes. 
(See page 5.) 

To find the Logarithmic sines^ tangents^ andseeantsy of dny 
number of degrees^ minutes,, and seconds. 

Find the sine, tangei;it, or secant of the nmnber of degrees 
and minutes in the manner already described. From the co- 
lunm marked D take the tabular difference, and multiply it 
by the mmiber of seconds; from the right of the product cut 
off two figures^ and add the remaining figures to the logarithm 
already found. 

Find the Ic^arithmic sine of 36° 25^ 

Sine 36^ 25^. L<^. 9-773533. 
Find the logarithmic tangent of 47° 23' 36". 

Tangent 41^ 23^ Log. 10.036173 Tab. diff. 423 

Add . 152 36 



Tangent 47° 23' 36'' Log. 10-036325 152128 

Fmd the logarithmic secant of 125° 22' 56". 
The number of degrees being above 90°, subtract 125° 22' 
56" from 180°, which gives the supplement 54° 37' 4". 

Secant 54° 37' Log. 10.237288 Tab, diff. 295 

Add . 11 4 



^'x£^^>£:] >«-2«7299 11|84 



Tojmd the degrees^ minutes^ and seconds^ corresponding to 
any given logarithmic sine, tangent, or secant. 

Look for the given logarithmic sine, tangent, or secant, in 
the respective columns, and if it be found exactly, there will 
be no seconds. If the given logarithm be found in the left- 
hand columns of sines, tangents, or secants, the degrees stand 
on the top of the page, and the minutes on the left, counting 
downwards; but if it be found in the right-hand columns of 
sines, tangents, and secants, the degrees are at the bottom of 
the page, and the minutes on the right, counting upwards. 

If the given logarithm be not found exactly in the tables, 
take that which is next less, and subtract it from the given lo- 
garithm; to the remainder annex two cyphers, and divide by 
the tabular difference, the quotient will be the number of se- 
conds, 

Ilequired the degrees, minutes, and seconds, corresponding 
to the logarithmic sine 9*844238? 

Given logarithm, . 9-844238 

Log. next less in tables, 9.8441 14^ sine 44<> 18^ 

Tab. diff. 216)12400(57'' 
Hence 9.844238 is the logarithmic sine of 44° IS' 57". 

Required the degrees, minutes, and' seconds, corresponding 
to the logarithmic tangent, 10«385426? 

Given logarithm, . . 10.385426 

Log. next less found in table, 10-385282 = 67® 37' 

Tab. diff. 598)14400(24" 
Hence 10.385426 is the logarithmic tangent of 67° 37' 24". 

Required the degrees, minutes, and seconds, corresponding 
to the logarithmic secant, 1 0-458379? 

Given logarithm, . . 10-458379 

Log. next less found in table, 10-458047 = 69° 37' 

Tab. diff. 566)33200(59" 
Hence 10.458379 is the logarithmic secant of 69° 37' 59". 

The cosine, cotangent, and cosecant of any number of de- 
grees, minutes, and seconds, are found in the same manner as 
the sine, tangent, and secant, except that, when a correction 
is made for seconds, the seconds must be subtracted instead of 
added. 



A TABLE 



CONTAINING 



THE LOGARITHMS OF ALL NUMBERS, 

FROM AN UNIT TO 10,000. 



Numbers from 1 to 100, and their Logarithms^ with Indices. 



N. 


Log. 


N. 


Log. 


N. 


Log. 


N. 


Log, 


1 
2 
3 
4 

5 


0.000000 
0.301030 
0.477121 
0.602060 
0.698970 


26 

27 
28 
29 
30 


1.414973 
1.431364 
1.447158 
1.462398 
1.477121 


51 
52 
53 
54 
55 


1.707570 
1.716003 
1.724276 
1.732394 
1.740363 


76 
77 
78 
79 
80 


1.880814 
1.886491 
1.892095 
1.897627 
1.903090 


6 

7 

8 

9 

10 


0.778151 
0.845098 
0.903090 
0.954243 
1.000000 


31 
32 
33 
34 
35 


1.491362 
1.505150 
1.518514 
1.531479 
1.544068 


5^ 
57 
58 
59 
60 


1.748188 
1.755875 
1.763428 
1.770852 
1.778151 


81 
82 
83 
84 
85 


1.908485 
1.913814 
1.919078 
1.924279 
1.929419 


11 
12 
13 
14 
15 


1.041393 
1.079181 
1.113943 
1.146128 
1.176091 


36 

37 

38 
39 
40 


1.556303 
1.568202 
1.579784 
1.591065 
1.602060 


61 
62 
63 
64 
65 


1.785330 
1.792392 
1.799341 
1.806180 
1.812913 


86 
87 
88 
89 
90 


1.934498 
1.939519 
1.944483 
1.949390 
1.954243 


16 
17 
18 
19 
20 


1.204120 
1.230449 
1.255273 
1.278754 
1.301030 


41 
42 
43 
44 
45 


1.612784 
1.623249 
1.633468 
1.643453 
1.653213 


66 
67 
68 
69 

70 


1.819544 
1.826075 
1.832509 
1.838849 
1.845098 


91 
92 
93 
94 
95 


1.959041 
1.963788 
1.968483 
1.973128 
1.977724 


21 
22 
23 
24 
25 


1.322219 
1.342423 
1.361728 
1.380211 
1.397940 


46 
47 
48 
49 
50 


1.662758 
1.672098 
1.681241 
1.690196 
1.698970 


71 
72 
73 
74 
75 


1.851258 
1.857332 
1.863323 
1.869232 
1.875061 


96 
97 
98 
99 
100 


1.982271 
1.986772 
1.991226 
1.995635 
2.000000 


N. 


Log. 


N. 


Log. 


N. 


Log. 


N. 


liOg. 



JV. B, — In the following part of the Table the Indices are omitted, as 
they are easily supplied, being always, each of them, in the case of whole 
or mixed numbers, an unit less than the number of figures in the integral 
part of the corresponding natural number. If the number is a decimal, 
the index is negative, and is always an unit greater than the number of 
cyphers between the decimal point and the first significant figure of the 
decimal. 



A TMe o/LogarUhnufrjm I to 10,000. 



F 





i 


t 


B 


4 


5 


6 


7 


8 


9 


D. 

128 


340 


631479 
2764 


631607 
2882 


681784 
3009 


531862 


531990 


532117 
8391 


688845 


682372 


532500 


532627 
3890 


341 


8136 


8264 


8518 


3«45 


8^2 


m 


343 


4026 


4163 


4280 


4407 


4534 


4661 


4787 


4914 


MMl 


5167 


127 


343 


6294 


6421 


6647 


6674 


5800 


5927 


6063 


6179 


6306 


64» 


m 


344 


6668 


6686 


6811 


6937 


7063 


7189 


7316 


7441 


7667 


7693 


136 


34d 


7819 


7946 


8071 


8197 


8322 


8448 


8574 


8699 


8825 


8961 


126 


34H 


9076 


9202 


9327 


9462 


9678 


9703 


9829 


9954 


540079 


640204 


125 


347 


640329 


640466 


640680 


540706 


540830 


540966 


541080 


641206 


1330 


1464 


125 


1348 


1679 


1704 


1829 


1963 


2078 


2203 


2327 


2462 


2576 


2701 


125 




2826 


2960 


8074 


3199 


8323 


3447 


3671 


3696 


3820 


3944 


124 
124 


644068 


644192 


644316 


544440 


544564 


544688 


544812 


544936 


545060 


546183 


361 


6307 


6431 


6666 


5678 


5802 


5926 


6049 


6172 


6296 


6419 


124 


352 


6643 


6666 


6789 


6913 


7036 


7169 


7282 


7406 


7629 


7652 


123 


363 


7776 


7898 


8021 


8144 


8267 


8389 


8612 


8636 


8768 


8881 


123 


364 


9003 


9126 


9249 


9371 


9494 


9616 


9739 


9861 


9984 


560106 


123 


366 


660228 


660361 


660473 


560696 


560717 


660840 


660962 


661084 


661206 


1328 


122 


366 


1460 


1672 


1694 


1816 


1938 


2060 


2181 


2303 


2426 


2647 


122 


367 


2668 


2790 


2911 


3033 


3166 


3276 


3398 


8619 


3640 


3762 


121 


368 


3883 


4004 


4126 


4247 


4368 


4489 


4610 


4731 


4862 


4973 


121 


369 
360 


6094 


6215 


6336 


5467 


6578 


5699 


5820 


6940 


6061 


6182 


121 

m 


666308 


656423 


556544 


656664 


550786 


556905 


557026 


557146 


5573«7 


557387 


361 


7607 


7627 


7748 


7868 


7988 


8108 


8228 


8349 


8409 


8589 


m 


362 


8709 


8829 


8948 


9068 


9188 


9308 


9428 


9648 


9667 


9787 


120 


363 


9907 


660026 


560146 


660266 


660383 


560604 


560624 


660743 


660863 


560982 


119 


364 


661101 


1221 


1340 


1469 


1678 


1698 


1817 


1936 


2056 


2174 


119 


366 


2293 


2412 


2631 


2660 


27b^ 


2887 


3006 


3126 


3244 


3362 


119 


366 


3481 


3600 


3718 


3837 


3966 


4074 


4192 


4311 


4429 


4648 


119 


367 


4666 


4784 


4903 


6021 


6139 


6267 


6376 


6494 


6612 


6730 


118 


368 


6848 


6966 


6084 


6202 


6320 


6437 


6666 


6673 


6791 


6909 


118 


369 
370 


7026 


7144 
668319 


7262 


7379 


7497 


7614 


7732 


7849 


7967 


8084 


118 
117 


668202 


668436 


568664 


668671 


668788 


668906 


669023 


669140 


669267 


371 


9374 


9491 


9608 


9726 


9842 


9969 


670076 


670193 


570309 


670426 


117 


372 


670643 


670660 


670776 


570893 


671010 


571 126 


1243 


1369 


1476 


1692 


117 


373 


1709 


1826 


1942 


2068 


2174 


2291 


2407 


2623 


2639 


2766 


116 


374 


2872 


2988 


3104 


3220 


3336 


3462 


3668 


3684 


3800 


3916 


116 


376 


4031 


4147 


4263 


4379 


4494 


4610 


4726 


4841 


4967 


5072 


116 


376 


6188 


6303 


5419 


6634 


5660 


6766 


6880 


6996 


6111 


6226 


115 


377 


6341 


6467 


6672 


6687 


6802 


6917 


7032 


7147 


7262 


7377 


115 


378 


7492 


7607 


7722 


7836 


7961 


8066 


8181 


8296 


8410 


8626 


115 


379 
J380 


8639 


8764 
679898 


8868 


8983 


9097 


9212 


9326 


9441 


9656 


9669 


114 


679784 


680012 


580126 


580241 


680366 


680469 


680683 


680697 


580811 


381 


680926 


681039 


1163 


1267 


1381 


1496 


1608 


1722 


1836 


1950 


114 


382 


2063 


2177 


2291 


2404 


2518 


2631 


2746 


2868 


2972 


3086 


114 


383 


3199 


3312 


3426 


3639 


3662 


3766 


3879 


3992 


4106 


4218 


113 


384 


4331 


4444 


4667 


4670 


4783 


4896 


6009 


6122 


6236 


6348 


113 


386 


6461 


6674 


6686 


6799 


6912 


6024 


6137 


6260 


6362 


6476 


113 


386 


6687 


6700 


6812 


6925 


7037 


7149 


7262 


7374 


7486 


7699 


112 


387 


7711 


7823 


7936 


8047 


8160 


8272 


8384 


8496 


8608 


8720 


112 


388 


8832 


8944 


9066 


9167 


9279 


9391 


9603 


9616 


9726 


9838 


112 


389 
399 


9960 


690061 


690173 


590284 


690396 


690607 


690619 


690730 


690842 


690953 


112 
111 


691066 


691176 


691287 


591399 


691510 


691621 


591732 


691843 


691966 


692066 


391 


2177 


2288 


2399 


2610 


2621 


2732 


2843 


2964 


3064 


3176 


111 


392 


3286 


3397 


3608 


3618 


3729 


3840 


3960 


4061 


4171 


4282 


HI 


393 


4393 


4603 


4614 


4724 


4834 


4946 


6056 


5166 


6276 


6386 


110 


394 


6496 


6606 


5717 


6827 


6937 


6047 


6157 


6267 


6377 


6487 


110 


396 


6697 


6707 


6817 


6927 


7037 


7146 


7266 


7366 


7476 


7686 


110 


296 


7696 


7806 


7914 


8024 


8134 


8243 


8363 


8462 


8672 


8681 


110 


397 


8791 


8900 


9009 


9119 


9228 


9337 


9446 


9666 


9666 


9774 


109 


398 


9883 


9992 


600101 


600210 


600319 


600428 


600637 


600646 


600756 


600864 


109 


399 

N. 


600973 


601082 


1191 


1299 


1408 


1617 


1626 


1734 


1843 


1961 


109 





1 


2 


3 


4 


5 


6 


7 


8 


9 



A Table of Logarithnu from 1 to 10,000. 



N. 

400 
401 
402 
403 
404 
405 
406 
407 
408 
409 

410 
411 
412 
413 
414 
415 
416 

417 

418 

419 

420 
421 
422 
423 
424 
425 
426 

427 

428 
429 

430 
431 
432 
433 
434 
435 
436 
437 
438 
489 

440 
441 
442 
443 
444 
445 
446 
447 
448 
449 

450 
451 
452 
453 
454 
455 
456 

457 

458 

459 

N. 





1 ; 2 


3 


4 


5 


r> 


7 


8 


9 


D. 

108 
108 
108 
108 
107 
107 
107 
107 
106 
106 

106 
106 
105 
105 
105 
105 
104 
104 
104 
104 

103 
103 
103 
103 
102 
102 
102 
102 
101 
101 

100 

100 

100 

100 

99 

99 

99 

99 

99 

99 

• 98 
98 
98 
98 
98 
97 
97 
97 
97 
97 

96 
96 
96 
96 
96 
96 
95 
95 
95 
95 

D. 


602060 
3144 
4226 
5305 
6381 
7455 
8526 
9594 

610660 
1723 


602160 
3253 
4334 
5413 
6489 
7662 
8633 
9701 

610767 
1829 


602277 
3361 
4442 
5621 
6696 
7669 
8740 
9808 

610873 
1936 

6I2OS16 
4053 
6108 
6160 
7210 

8257 
9302 
620344 
1384 
2421 


602386 

3469 
4560 
5628 
6704 
7777 
8847 
9914 
610979 
2042 


602494 

3677 
4658 
5736 
6811 
7884 
8954 
610021 
1086 
2148 


602603 
3686 
4766 
6844 
6919 
7991 
9061 

610128 
1192 
2254 


6O27I] 
3794 
4874 
6951 
7026 
8098 
9167 

610234 
1298 
2360 


602819 
3902 
4982 
6059 
7133 
8205 
9274 

610341 
1405 
2466 


602928 
4010 
5089 
6166 
7241 
8312 
9381 

610447 
1611 
2672 


603036 
4118 

6197 
6274 
7848 
8419 
9488 
610564 
1617 
2678 


612784 
3842 

4897 
5950 
7000 
8048 
9093 
620136 
1176 
2214 


612890 
3947 
6003 
6055 
7105 
8153 
9198 

620240 
1280 
2318 


613102 
4159 
5213 
6265 
7315 
8362 
9406 

620448 
1488 
2525 


613207 
4264 
6319 
6370 
7420 
8466 
9511 

620552 
1592 
2628 


613313 
4370 
6424 
6476 
7525 
8671 
9615 

620656 
1696 
2732 


613419 
4475 
6629 
6581 
7629 
8676 
9719 

620760 
1799 
2835 


613526 
4681 
6634 
6686 
7734 
8780 
9824 

620864 
1903 
2939 


613630 
4686 
6740 
6790 
7839 
8884 
9928 

620968 
2007 
3042 


613736 
4792 
6846 
6895 
7943 
8989 

620032 
1072 
2110 
3146 


623249 
4282 
5312 
6340 
7366 
8389 
9410 

630428 
1444 
2457 


623353 
4385 
5415 
6443 
7468 
8491 
9612 

630630 
1646 
2559 


623456 
4488 
5518 
6546 

7671 
8693 
9613 
630631 
1647 
2660 


623569 
4591 
6621 
6648 
7673 
8695 
9715 

630733 
1748 
2761 

633771 
4779 
6786 
6789 
7790 
8789 
9785 

640779 

1771 
2761 

643749 
4734 

5717 
6698 
7676 
8653 
9627 
650699 
1669 
2636 


623663 

4695 
6724 
6751 
7775 
8797 
9817 
630835 
1849 
2862 


623766 
4798 
6827 
6863 
7878 
8900 
9919 

630936 
1961 
2963 


623869 
4901 
6929 
6956 
7980 
9002 

630021 
1038 
2052 
3064 


623973 
6604 
6032 
7058 
8082 
9104 

630123 
1139 
2153 
3165 


624076 
6107 
6135 
7161 
8185 
9206 

630224 
1241 
2256 
3266 


624179 
5210 
6238 
7263 
8287 
9308 

630326 
1342 
2366 
3367 

634376 
5383 
6388 
7390 
8389 

9387 
640382 
1875 
2366 
3364 


633468 

4477 
5484 
6488 
7490 
8489 
9486 
640481 
1474 
2465 

643453 
4439 
5422 
6404 
7383 
8360 
9335 

650308 
1278 
2246 


633509 
4678 
5684 
6688 
7690 
8589 
9686 

640681 
1673 
2663 


633670 
4679 
6685 
6688 
7690 
8689 
9686 

640680 
1672 
2662 


633872 
4880 
6886 
6889 
7890 
8888 
9885 

640879 
1871 
2860 


633973 
4981 
6986 
6989 
7990 
8988 
9984 

640978 
1970 
2959 


634074 
6081 
6087 
7089 
8090 
9088 

640084 

1077 
2069 
3068 


634176 
5182 
6187 
7189 
8190 
9188 

640183 

1177 
2168 
3166 


634276 
6283 

6287 
7290 
8290 
9287 
640283 
1276 
2267 
3266 


643661 
4637 
6621 
6602 
7481 
8468 
9432 

650405 
1375 
2343 


643650 
4636 
6619 
6600 
7679 
8655 
9630 

660502 
1472 
2440 


643847 
4832 
6815 
6796 
7774 
8750 
9724 

660696 
1666 
2633 


643946 
4931 
5913 
6894 
7872 
8848 
9821 

650793 
1762 
2730 

663696 
4658 
5619 

6677 
7634 
8488 
9441 
660391 
1339 
2286 


644044 
6029 
6011 
6992 
7969 
8946 
9919 

650890 
1869 
2826 


644148 
5127 
6110 
7089 
8067 
9043 

660016 
0987 
1966 
2923 


644242 
6226 
6206 
7187 
8165 
9140 

650113 
1084 
2053 
3019 


644340 
6324 
6306 
7285 
8262 

9237 
660210 
1181 
2160 
3116 


653213 

4177 
5138 
6098 
7056 
8011 
8965 
9916 
660865 
1813 


653309 
4273 
5235 
6194 
7152 
8107 
9060 

660011 
0960 
1907 


663406 
4369 
6331 
6290 

7247 
8202 
9166 
660106 
1065 
2002 


663502 
4466 
6427 
6386 
7343 
8298 
9260 

660201 
1150 
2096 


653698 
4562 
6623 
6482 
7438 
8393 
9346 

660296 
1246 
2191 


653791 
4764 
6715 
6673 
7629 
8684 
9536 

660486 
1434 
2380 


653888 
4850 
5810 
6769 
7725 
8679 
9631 

660581 
1629 
2476 


663984 
4946 
6906 
6864 
7820 
8774 
9726 

660676 
1623 
2669 


664080 
5042 
6002 
6960 
7916 
8870 
9821 

66O77I 
I7I8 
2663 





1 


2 


3 


4 


6 


6 


7 


8 


9 









A Table of LogarUhmi from 


1 to 10,000. 








N. 
460 





1 


3 


8 


4 


5 


6 


7 


8 


9 


D. 


663758 


662883 


062947 


663041 


668185 


68S380 


663834 


668416 


668518 


663607 


461 


3701 


8795 


3889 


3083 


4078 


4173 


4366 


4860 


4454 


4548 


iM 


462 


4643 


4736 


4830 


4924 


5018 


5113 


6306 


5299 


6393 


5487 


94 


463 


5581 


5675 


6709 


5862 


5856 


6050 


6143 


0387 


6331 


6424 


94 


464 


6518 


6612 


0705 


6799 


6893 


0986 


7079 


7178 


7366 


7360 


94 


465 


7453 


7546 


7640 


7788 


7836 


793^ 


8013 


8106 


8199 


8293 


93 


466 


8386 


8479 


6573 


8665 


8759 


8853 


8945 


9038 


9181 


9224 


9S 


467 


9317 


9410 


9503 


9596 


ORflQ 
aOOO 


97B8 


9875 


9967 670060 


670153 


9S 


468 


670346 


670938 


670431 


670524 


670617 


070710 


670003 


670605 


0988 


1060 


93 


1 1 


1173 


1265 


1358 


1451 


1543 


1636 


1738 


1831 


1913 


200A 


93 

92 


679098 


678190 


673883 


673375 


673467 


073560 


073653 


672744 


673836 


672939 


471 


3021 


3113 


3205 


8297 


8390 


3483 


3574 


3666 


8768 


3850 


93 


473 


3942 


4034 


4126 


4318 


4310 


4403 


4494 


4586 


4677 


4769 


9S 


473 


4861 


4953 


5045 


5137 


5338 


6830 


5413 


6503 


5595 


5687 


9S 


474 


5778 


5870 


5962 


6063 


6145 


6236 


6328 


6419 


6511 


6608 


92 


475 


6694 


6785 


6876 


6968 


7059 


7151 


7342 


7333 


7434 


7516 


91 


476 


7607 


7698 


7789 


7881 


7973 


8063 


8154 


8245 


8386 


8427 


91 


477 


8518 


8609 


8700 


8791 


8883 


8973 


9064 


9155 


9346 


9337 


91 


47R 


9428 


9519 


9610 


9700 


9791 


9883 


9973 


680063 


680164 


680246 


91 


479 
4R0 


680336 


680426 


680517 


680607 


680698 


680789 


680879 


WO 


1060 


1151 


91 


681241 


681333 


681433 


681513 


681603 


681698 


681784 


681874 


681964 


682056 


461 


2145 


2235 


3326 


3416 


3506 


3596 


3686 


2777 


3867 


2957 


90 


462 


3047 


3137 


8327 


3317 


3407 


3497 


8587 


8677 


8767 


3857 


90 


483 


3947 


4037 


4127 


4317 


4807 


4396 


4486 


4576 


4666 


4756 


90 


484 


4845 


4935 


5025 


5114 


5204 


5394 


5383 


6473 


5563 


5652 


90 


485 


5742 


5831 


5921 


6010 


6100 


6189 


6279 


6368 


6458 


6547 


a» 


486 


6636 


6726 


6815 


6904 


6994 


7083 


ZIZ^ 


7361 


7351 


7440 


^ 


487 


7529 


7618 


7707 


7796 


7886 


7975 


8064 


8153 


8242 


8331 


89 


488 


8420 


8509 


8598 


8687 


8776 


8865 


8953 


9043 


9131 


9220 


89 


489 
490 


9309 


9398 


9486 


9575 


9664 


9753 


9841 


9930 


690019 


690107 


89 
I9 


690196 


690285 


690373 


690462 


690550 


690639 


690738 


690816 


690905 


690993 


491 


1081 


1170 


1258 


1347 


1435 


1524 


1613 


1700 


1789 


1877 


88 


492 


1965 


2053 


2142 


2330 


3318 


2406 


2494 


3583 


2671 


2759 


88 


49B 


2847 


2935 


3023 


3111 


3199 


3287 


3375 


3463 


3551 


3639 


88 


494 


3727 


3815 


3903 


3991 


4078 


4166 


4354 


4343 


4430 


4517 


88 


495 


4605 


4693 


4781 


4868 


4956 


5044 


5131 


5219 


5307 


5394 


88 


496 


540? 


5569 


5657 


5744 


5832 


5919 


6007 


6094 


6183 


6869 


87 


497 


6356 


6444 


6531 


6618 


6706 


6793 


6880 


6968 


7056 


7142 


87 


498 


7229 


7817 


7404 


7491 


7578 


7665 


7752 


7839 


7926 


8014 


87 


499 
500 


8100 


8188 


8275 


8362 


8449 


8535 


8622 


8709 


8796 


8883 


87 

"5 


698970 


699057 


699144 


699331 


699317 


699404 


699491 


699578 


699664 


699751 


501 


9838 


9924 


700011 


700098 


700184 


700271 


700358 


700444 


700531 


700617 


87 


502 


700704 


700790 


0877 


0963 


1050 


1136 


1222 


1309 


1395 


1482 


86 


503 


1568 


1654 


1741 


1827 


1913 


1999 


2086 


2172 


3358 


2344 


86 


504 


2431 


2517 


2603 


2689 


2775 


2861 


2947 


3033 


3119 


3205 


86 


505 


3291 


3877 


3463 


3549 


3635 


3721 


3807 


3893 


3979 


4065 


86 


506 


4151 


4236 


4322 


4408 


4494 


4579 


4665 


4751 


4837 


4922 


86 


507 


5008 


5094 


5179 


5265 


5350 


5436 


5522 


5607 


5603 


5778 


86 


508 


5864 


5949 


6035 


6120 


6206 


6291 


6376 


6462 


6647 


6632 


85 


509 
510 


6718 
707570 


6803 


6888 


6974 


7059 


7144 


7229 


7315 


7400 


7485 


8& 
Id 


707655 ■ 707740 


707826 


707911 


707996 


708081 


708166 


706351 


708336 


511 


8421 


8506 


8591 


8676 


8761 


8846 


8931 


9015 


9100 


9185 


85 


512 


9270 


9355 


9440 


9524 


9609 


9694 


9779 


9863 


9948 


710033 


85 


513 


710117 


710202 


710287 


710371 


710456 


710540 


710625 


710710 


710794 


0879 


65 


514 


0963 


1048 


1132 


1217 


1301 


1385 


1470 


1554 


1639 


^^ 


64 


515 


1807 


1892 


1976 


2060 


2144 


2229 


2313 


2397 


3481 


2166 


84 


516 


2650 


2734 


2818 


2902 


2986 


3070 


3154 


3238 


3323 


8407 


84 


517 


3491 


3575 


3659 


3742 


3826 


3910 


3994 


4078 


4163 


4346 


84 


518 


4330 


4414 


4497 


4581 


4665 


4749 


4833 


4916 


5000 


5M4 


84 


519 

N. 


5167 


5251 


5335 


5418 


5502 


5586 


5669 


5753 


5886 


68SIU 


84 





1 


2 


3 


4 


5 


6 


7 


8 


9 



A Table of Logarithms frfm 1 to 10,000. 



N. 

520 
521 
522 
523 
524 
525 
526 
527 
528 
529 

530 
531 
532 
533 
534 
535 
536 
537 
538 
539 

540 
541 
542 
543 
544 
545 
546 

547 

548 

549 

550 

651 

552 

553 

1554 

1555 

1556 

551 

558 

559 

660 
561 
662 
563 
564 
565 
566 
567 
568 
569 

570 
571 
572 
573 
674 
676 
576 
677 
678 
579 

N. 





1 2 


3 


4 


5 


6 


7 


8 


9 


D. 

83 
83 
83 
83 
83 
83 
82 
82 
82 
82 

82 
82 
82 
81 
81 
81 
81 
81 
81 
81 

80 
80 
80 
80 
80 
80 
79 
79 
79 
79 

79 
79 
79 

78 
78 
78 
78 
78 
78 
78 

77 
77 
77 
77 
77 
77 
77 
77 
76 
76 

76 
76 
76 
76 
76 
75 
76 
76 
75 
76 

D. 


716003 
6838 
7671 
8502 
9331 

720159 
0986 
1811 
2634 
3456 


716087 
6921 
7754 
8585 
9414 

720242 
1068 
1893 
2716 
3538 


716170 
7004 
7837 
8668 

9497 
720326 
1161 
1976 
2798 
3620 


716254 
7088 
7920 
8751 
9580 

720407 
1233 
2058 
2881 
3702 


716337 
7171 
8003 
8834 
9663 

720490 
1316 
2140 
2963 
3784 


716421 
7254 
8086 
8917 
9745 

720573 
1398 
2222 
3046 
3866 


716504 
7338 
8169 
9000 
9828 

720655 
1481 
2305 
3127 
3948 


716568 
7421 
8253 
9083 
9911 

720738 
1663 
2387 
3209 
4030 


716671 
7604 
8336 
9165 
9994 

720621 
1646 
2469 
3291 
4112 


716754 
7587 
8419 
9248 

720077 
0903 
1728 
2552 
3374 
4194 


724276 
5095 
5912 

6727 
7541 
8354 
9165 
9974 
730782 
1589 


724358 
5176 
5993 
6809 
7623 
8435 
9246 

730055 
0863 
1669 


724440 
5258 
6076 
6890 
7704 
8616 
9327 

730136 
0944 
1750 


724522 
5340 
6156 
6972 
7785 
8597 
9408 

730217 
1024 
1830 


724604 
5422 
6238 
7053 
7866 
8678 
9489 

730298 
1105 
1911 


724686 
6503 
6320 
7134 
7948 
8759 
9570 

730378 
1186 
1991 


724767 
6685 
6401 
7216 
8029 
8841 
9651 

730459 
1266 
2072 


724849 
6667 
6483 

7297 
8110 
8922 
9732 
730640 
1347 
2152 


724931 
6748 
6564 
7379 
8191 
9003 
9813 

730621 
1428 
2233 


725013 
5830 
6646 
7460 
8273 
9084 
9893 

730702 
1506 
2313 


732394 
3197 
3999 
4800 
5599 
6397 
7193 
7987 
8781 
9572 


732474 
3278 
4079 
4S80 
6679 
6476 
7272 
8067 
8860 
9651 


732555 
3358 
4160 
4960 
5769 
6666 
7352 
8146 
8939 
9731 


732635 
3438 
4240 
5040 
5838 
6635 
7431 
8226 
9018 
9810 


732715 
3518 
4320 
5120 
5918 
6715 
7511 
8305 
9097 
9889 


732796 
3598 
4400 
5199 
5998 
6795 
7690 
8384 

9177 
9968 


732876 
3679 
4480 
5279 
6078 
6874 
7670 
8463 
9266 

740047 

740636 
1624 
2411 
8196 
3980 
4762 
6543 
6323 
7101 
7878 


732956 
3759 
4560 
5359 
6157 
6954 
7749 
8543 
9335 

740126 


733037 
3839 
4640 
5439 
6237 
7034 
7829 
8622 
9414 

740205 

740994 
1782 
2568 
3353 
4136 
4919 
5699 
6479 
7256 
8033 


733117 
3919 
4720 
5519 
6317 
7113 
7906 
8701 
9493 

740284 


740363 
1152 
1939 
2725 
3510 
4293 
5078 
5855 
6634 
7412 


740442 
1230 
2018 
2804 
3688 
4371 
5153 
5933 
6712 
7489 


74062] 
1309 
2096 
2882 
3667 
4449 
5231 
6011 
6790 
7667 


740600 
1388 
2175 
2961 
3745 
4528 
5309 
6089 
6868 
7645 


740678 
1467 
2264 
3039 
3823 
4606 
6387 
6167 
6945 
7722 


740767 
1546 
2332 
3118 
3902 
4684 
5465 
6246 
7023 
7800 


740915 
1703 
2489 
3275 
4058 
4840 
6621 
6401 
7179 
7955 


741073 
I860 
2647 
3431 
4215 
4997 
6777 
6556 
7334 
8110 


748188 
8963 
9736 

760508 
1279 
2048 
2816 
3583 
4348 
5112 


748266 
9040 
9814 

750686 
1356 
2125 
2893 
3660 
4426 
5189 


748343 
9118 
9891 

760663 
1433 
2202 
2970 
3736 
4501 
6266 


748421 
9196 
9968 

750740 
1510 
2279 
3047 
3813 
4578 
5341 


748498 
9272 

760045 
0817 
1687 
2356 
3123 
3889 
4664 
5417 


748576 
9360 

760123 
0694 
1664 
2433 
3200 
3966 
4730 
5494 


748653 
9427 

760200 
0971 
1741 
2509 

3277 
4042 

4807 
5570 


748731 
9504 

760277 
1048 
1818 
2586 
3353 
4119 
4883 
5646 


748806 
9562 

760354 
1125 
1896 
2663 
3430 
4195 
4960 
5722 


748685 
9659 

760431 
1202 
1972 
2740 
3506 
4272 
5036 
6799 


755875 
6636 
7396 
8155 
8912 
9668 

760422 
1176 
1928 
2679 


765951 
6712 
7472 
8230 
8988 
9743 

760498 
1251 
2003 
2754 


756027 
6788 
7648 
8306 
9063 
9819 

760673 
1326 
2078 
2829 


756103 
6864 
7624 
8382 
9139 
9894 

760649 
1402 
2163 
2904 


756180 
6940 
7700 
8458 
9214 
9970 

760724 

1477 
2228 
2978 


766256 
7016 
7776 
8533 
9290 

760045 
0799 
1552 
2303 
3053 


766332 
7092 
7851 
8609 
9366 

760121 
0875 
1627 
2378 
3128 


756408 
7168 
7927 
8685 
9441 

76019 6 
0950 
1702 
2453 
3203 


756484 
7244 
8003 
8761 
9617 

760272 
1025 
1778 
2629 
3278 


756660 
7320 
8079 
8836 
9592 

760347 
110] 
1853 
2604 
3353 





1 


2 


3 


4 


5 


6 


7 


8 


9 



N 



A TMe of Logarithm frjm I to 10,000. 



F 





i 


t 


B 


4 


5 


6 


7 


8 


9 


D. 

m 


— 
340 


531479 


531607 


581784 


581862 


531990 


582117 


582345 


632872 


532500 


532627 
8899 


841 


2754 


2882 


8009 


3136 


8264 


8391 


8518 


8«45 


3772 


127 


343 


4026 


4153 


4280 


4407 


4534 


4661 


4787 


4914 


5041 


5167 


137 


343 


5294 


5421 


5547 


5674 


5800 


5927 


6063 


6179 


6306 


643» 


m 


344 


6558 


6685 


6811 


6937 


7063 


7189 


7815 


7441 


7667 


7693 


m 


345 


7819 


7945 


8071 


8197 


8322 


8448 


8574 


8699 


8825 


8961 


126 


34H 


9076 


9202 


9327 


9452 


9578 


9708 


9829 


9054 


540079 


540204 


125 


347 


540329 


540455 


540580 


540705 


540830 


540955 


541080 


541205 


1330 


1454 


126 


348 


1579 


1704 


1829 


1953 


2078 


2203 


2327 


2452 


2576 


2701 


m 


349 
350 


2825 


2960 


8074 


3199 


8323 


8447 


8571 


3696 


3820 


3944 


124 
124 


544068 


544192 


544316 


544440 


544564 


544688 


544812 


544936 


545060 


545183 


351 


6307 


5431 


5665 


5678 


5802 


5926 


6049 


6172 


6296 


6419 


124 


352 


6543 


6666 


6789 


6913 


7036 


7159 


7282 


7405 


7529 


7652 


123 


353 


7775 


7898 


8021 


8144 


8267 


8389 


8612 


8635 


8758 


8881 


123 


354 


9003 


9126 


9249 


9371 


9494 


9616 


9739 


9861 


9984 


560106 


123 


355 


550228 


550351 


550473 


650595 


550717 


550840 


550962 


561084 


561206 


1328 


122 


356 


1450 


1572 


1694 


1816 


1938 


2060 


2181 


2303 


2425 


2547 


122 


367 


2668 


2790 


2911 


3033 


3155 


3276 


3398 


8519 


3640 


3762 


121 


358 


3883 


4004 


4126 


4247 


4368 


4489 


4610 


4731 


4852 


4973 


121 


359 
360 


5094 


5216 


5336 


5457 


5578 


5699 


5820 


5940 


6061 


6182 


121 

li 


656308 


556423 


556544 


556664 


550785 


556905 


557086 


557146 


657267 


557387 


361 


7607 


7627 


7748 


7868 


7988 


8108 


8228 


8349 


8469 


8589 


131 


362 


8709 


8829 


8948 


9068 


9188 


9308 


9428 


9548 


9667 


9787 


120 


363 


9907 


660026 


560146 


560266 


66038 J 


560504 


560624 


560743 


560863 


560982 


119 


364 


661101 


1221 


1340 


1459 


1678 


1698 


1817 


1936 


2055 


2174 


119 


365 


2293 


2412 


2631 


2660 


2769 


2887 


3006 


3125 


3244 


3362 


119 


366 


3481 


3600 


3718 


3837 


3955 


4074 


4192 


4311 


4429 


4548 


119 


367 


4666 


4784 


4903 


6021 


5139 


5267 


6376 


5494 


5612 


5730 


118 


368 


5848 


5966 


6084 


6202 


6320 


6437 


6666 


6673 


6791 


6909 


118 


369 
370 


7026 


7144 


7262 
568436 


7379 


7497 


7614 


7732 


7849 


7967 


8084 


118 
117 


568202 


668319 


568654 


568671 


568788 


668906 


569028 


569140 


569267 


371 


9374 


9491 


9608 


9726 


9842 


9969 


670076 


570193 


670309 


570426 


117 


372 


570643 


570660 


670776 


570893 


671010 


571 126 


1243 


1369 


1476 


1592 


117 


373 


1709 


1826 


1942 


2058 


2174 


2291 


2407 2623 


2639 


2756 


116 


374 


2872 


2988 


3104 


3220 


3336 


8462 


3668 


3684 


3800 


3916 


116 


376 


4031 


4147 


4263 


4379 


4494 


4610 


4726 


4841 


4967 


5072 


116 


376 


6188 


5303 


5419 


5634 


5660 


6766 


5880 


6996 


6111 


6226 


115 


377 


6341 


6457 


6572 


6687 


6802 


6917 


7032 


7147 


7262 


7877 


115 


378 


7492 


7^07 


7722 


7836 


7951 


8066 


8181 


8295 


8410 


8526 


115 


379 
J380 


8639 


8764 


8868 


8983 


9097 
580241 


9212 


9326 


9441 


9656 


9669 


114 
114 


579784 


679898 


580012 


680126 


580356 


580469 


580583 


680697 


580811 


381 


680925 


681039 


1163 


1267 


1381 


1496 


1608 


1722 


1836 


1950 


114 


382 


2063 


2177 


2291 


2404 


2518 


2631 


2746 


2868 


2972 


8086 


114 


383 


3199 


3312 


3426 


3639 


3652 


3765 


3879 


3992 


4106 


4218 


113 


384 


4331 


4444 


4567 


4670 


4783 


4896 


6009 


5122 


5236 


6348 


113 


385 


5461 


5674 


6686 


5799 


6912 


6024 


6137 


6260 


6362 


6475 


113 


386 


6587 


6700 


6812 


6926 


7037 


7149 


7262 


7374 


7486 


7699 


112 


387 


7711 


7823 


7936 


8047 


8160 


8272 


8384 


8496 


8608 


8720 


112 


388 


8832 


8944 


9066 


9167 


9279 


9391 


9603 


9616 


9726 


9838 


112 


389 
390 


9960 


690061 


590173 


590284 


690396 


590507 


590619 


690730 


590842 


590953 


112 


691066 


591176 


591287 


591399 


591510 


691621 


591732 


591843 


691955 


592066 


111 


391 


2177 


2288 


2399 


2610 


2621 


2732 


2843 


2964 


3064 


3175 


111 


392 


3286 


3397 


3508 


3618 


8729 


8840 


3960 


4061 


4171 


4282 


HI 


393 


4393 


4603 


4614 


4724 


4834 


4946 


5065 


6165 


5276 


5386 


11(1 


394 


6496 


5606 


5717 


5827 


5937 


6047 


6157 


6267 


6377 


6487 


110 


396 


6697 


6707 


6817 


6927 


7037 


7146 


7256 


7366 


7476 


7586 


110 


296 


7696 


7806 


7914 


8024 


8134 


8243 


8363 


8462 


8572 


8681 


110 


397 


8791 


8900 


9009 


9119 


9228 


9337 


9446 


9566 


9665 


9774 


109 


398 


9883 


9992 


600101 


600210 


600319 


600428 


690637 


600646 


600755 


600864 


109 


399 

N. 


600973 


601082 


1191 


1299 


1408 


1617 


1625 


1734 


1843 


1951 


109 





I 


2 


3 


4 


5 


6 


7 


8 


9 


D. 



A Table of Logarithvu froni 1 to 10,000. 



N. 

400 
401 
402 
403 
404 
405 
406 
407 
408 
409 

410 
411 
412 
413 
414 
415 
416 

417 
418 

419 

420 
421 
422 
423 
424 
425 
426 
427 
428 
429 

430 
431 
432 
433 
434 
435 
436 
437 
438 
439 

440 
441 
442 
443 
444 
445 
446 
447 
448 
449 

450 
451 
452 
453 
454 
455 
456 

457 
458 
459 

N. 





1 


2 


8 


4 


1 ^ 


G 


7 


8 


9 


D. 

108 
108 
108 
108 
107 
107 
107 
107 
106 
106 

106 
106 
105 
105 
105 
105 
104 
104 
104 
104 

103 
103 
103 
103 
102 
102 
102 
102 
101 
101 

100 

100 

100 

100 

99 

99 

99 

99 

99 

99 

98 
98 
98 
98 
98 
97 
97 
97 
97 
97 

96 
96 
96 
96 
96 
95 
95 
95 
95 
95 

D. 


602060 
3144 
4226 
5305 
6381 
7456 
8526 
9594 

610660 
1723 


602169 
3253 
4334 
5413 
6489 
7562 
8633 
9701 

610767 
1829 


602277 
3361 
4442 
5521 
6596 
7669 
8740 
9808 

610873 
1936 


662386 
3469 
4550 
5628 
6704 
7777 
8847 
9914 

610979 
2042 


602494 

3677 
4658 
5736 
6811 
7884 
8954 
610021 
1086 
2148 


602603 
3686 
4766 
6844 
6919 
7991 
9061 

610128 
1192 
2254 


602711 
3794 
4874 
5951 
7026 
8098 
9167 

610234 
1298 
2360 


602819 
3902 
4982 
6059 
7133 
8205 
9274 

610341 
1405 
2466 


602928 
4010 
5089 
6166 
7241 
8312 
9381 

610447 
1511 
2572 

613630 
4686 
5740 
6790 
7839 
8884 
9928 

620968 
2007 
3042 


603086 
4118 

5197 
6274 
7848 
8419 
9488 
610554 
1617 
2678 


612784 
3842 

4897 
5950 
7000 
8048 
9093 
620136 
1176 
2214 


612890 
3947 
5003 
6055 
7105 
8153 
9198 

620240 
1280 
2318 


612096 
4053 
5108 
6160 
7210 
8257 
9302 

620344 
1384 
2421 


613102 
4159 
5213 
6265 
7315 
8362 
9406 

620448 
1488 
2525 


613207 
4264 
5319 
6370 
7420 
8466 
9511 

620552 
1592 
2628 


613313 
4370 
5424 
6476 
7525 

8571 
9615 
620656 
1695 
2732 

623766 
4798 
5827 
6853 
7878 
8900 
9919 

630936 
1951 
2963 


613419 
4475 
5529 
6581 
7629 
8676 
9719 

620760 
1799 
2835 


613525 
4581 
5634 
6686 
7734 
8780 
9824 

620864 
1903 
2939 


613736 
4792 
5845 
6895 
7943 
8989 

620032 
1072 
2110 
3146 


623249 
4282 
5312 
6340 
7366 
8389 
9410 

630428 
1444 
2457 


623353 
4385 
5415 
6443 
7468 
8491 
9512 

630530 
1545 
2559 


623456 
4488 
5518 
6546 

7571 
8593 
9613 
630631 
1647 
2660 


623559 
4591 
5621 
6648 
7673 
8695 
9716 

630733 
1748 
2761 

633771 

4779 
5785 
6789 
7790 
8789 
9785 
640779 

1771 
2761 

643749 
4734 

6717 
6698 
7676 
8653 
9627 
650599 
1569 
2536 


623663 
4695 
5724 
6751 
7775 
8797 
9817 

630836 
1849 
2862 


623869 
4901 
5929 
6956 
7980 
9002 

630021 
1038 
2052 
3064 


623973 
5004 
6032 
7058 
8082 
9104 

630123 
1139 
2153 
3165 


624076 
5107 
6135 
7161 
8185 
9206 

630224 
1241 
2255 
3266 


624179 
6210 
6238 
7263 
8287 
9308 

630326 
1342 
2356 
3367 

634376 
5383 
6388 
7890 
8389 

9387 
640382 
1875 
2366 
3354 


633468 

4477 
5484 
6488 
7490 
8489 
9486 
640481 
1474 
2465 


633569 
4578 
5584 
6588 
7590 
8589 
9586 

640581 
1573 
2563 


633670 
4679 
5685 
6688 
7690 
8689 
9686 

640680 
1672 
2662 


633872 
4880 
6886 
6889 
7890 
8888 
9885 

640879 
1871 
2860 


633973 
4981 
5986 
6989 
7990 
8988 
9984 

640978 
1970 
2959 


634074 
5081 
6087 
7089 
8090 
9088 

640084 
1077 
2069 
3058 


634175 
5182 
6187 
7189 
8190 
9188 

640183 

1177 
2168 
3156 


634276 
5283 
6287 
7290 
8290 

9287 
640283 
1276 
2267 
3255 


643453 
4439 
5422 
6404 
7883 
8360 
9335 

650308 
1278 
2246 


643551 
4537 
5521 
6502 
7481 
8458 
9432 

650405 
1375 
2343 


643650 
4636 
5619 
6600 
7579 
8555 
9530 

650502 
1472 
2440 


643847 
4832 
5815 
6796 
7774 
8750 
9724 

650696 
1666 
2633 


643946 
4931 
5913 
6894 
7872 
8848 
9821 

650793 
1762 
2730 

653695 
4658 
5619 

6577 
7534 
8488 
9441 
660391 
1339 
2286 


644044 
5029 
6011 
6992 
7969 
8945 
9919 

650890 
1869 
2826 


644143 
5127 
6110 
7089 
8067 
9043 

650016 
0987 
1956 
2923 


644242 
5226 
6208 

7187 
8165 
9140 
650113 
1084 
2053 
3019 


644340 
5324 
6306 
7285 
8262 
9237 

650210 
1181 
2150 
3116 


653213 

4177 
5138 
6098 
7056 
8011 
8965 
9916 
660665 
1813 


653309 
4273 
5235 
6194 
7152 
8107 
9060 

660011 
0960 
1907 


653405 
4369 
5331 
6290 
7247 
8202 
9155 

660106 
1055 
2002 


653502 
4465 
6427 
6386 
7343 
8298 
9250 

660201 
1150 
2096 


653598 
4562 
5523 
6482 
7438 
8393 
9346 

660296 
1245 
2191 


653791 
4754 
5715 
6673 
7629 
8684 
9536 

660486 
1434 
2380 


653888 
4850 
5810 
6769 
7725 
8679 
9631 

660581 
1529 
2475 


653984 
4946 
5906 
6864 
7820 
8774 
9726 

660676 
1623 
2569 


654080 
5042 
6002 
6960 
7916 
8870 
9821 

660771 
1718 
2663 





1 


2 


3 


4 


5 


6 


7 


8 


9 



A TMe of LogarUhnu fiim 1 to 10»000. 



N. 
460 





1 


S 


8 


4 


5 


6 


7 


8 


9 


D. 

94 


662758 


662852 


662947 


663041 


668185 


68S380 


663824 


668418 


668518 


663607 


461 


3701 


8795 


3889 


3083 


4078 


4173 


4366 


4860 


4464 


4548 


94 


462 


4642 


4736 


4830 


4924 


5018 


5113 


5206 


5299 


5393 


5487 


94 


463 


5581 


5675 


5709 


5862 


5956 


6050 


6143 


0287 


6331 


6424 


94 


464 


6518 


6612 


0705 


6799 


6893 


6986 


7079 


7178 


7266 


7360 


94 


465 


7453 


7546 


7640 


7783 


7826 


793^ 


8013 


8106 


8199 


8293 


93 


466 


8386 


8479 


6572 


8665 


8759 8858 


8945 


9038 


9131 


9224 


9S 


467 


9317 


9410 


9503 


9596 


9689 97B8 


9875 


9967,670060 


670153 


93 


46H 


670246 


670938 


670431 


670524 


670617 


670710 


670002 


670895 


0988 


1080 


93 


469 
470 


1173 


1265 


1358 


1451 


1543 


1636 


1728 


1821 


1913 


2005 


93 
92 


679098 


678190 


672383 


673375 


678467 


673560 


672663 


672744 


672836 


673939 


471 


3021 


3113 


8205 


8297 


8390 


3483 


3574 


3666 


3758 


3860 


92 


473 


8942 


4034 


4126 


4218 


4310 


4402 


4494 


4586 


4677 


4769 


92 


473 


4861 


4953 


5045 


5137 


5328 


6820 


5413 


5503 


5595 


5687 


92 


474 


5778 


5870 


5962 


6653 


6145 


6236 


6328 


6419 


6511 


6608 


92 


475 


6694 


6785 


6876 


6968 


7059 


7151 


7242 


7333 


^ '^ 


91 


476 


7607 


7698 


7789 


7881 


7972 


8063 


8154 


8245 


91 


477 


8518 


8609 


8700 


8791 


8882 


8973 


9064 


9155 


9dM 


9337 


91 


478 


9428 


9519 


9610 


9700 


9791 


9882 


9973 


680063 


680154 


680246 


91 


479 
480 


680336 


680426 


680517 


680607 


680698 


680789 


680879 


0^0 


1060 


1151 


91 


681241 


681332 


681432 


681513 


681603 


681698 


681784 


661874 


681964 


682056 


481 


2145 


2235 


2326 


2416 


2506 


2596 


2686 


3777 


2867 


2967 


90 


482 


3047 


8137 


3227 


3317 


3407 


8497 


3587 


B677 


3767 


3867 


90 


488 


3947 


4037 


4127 


4217 


4307 


4396 


4486 


4576 


4666 


4756 


90 


484 


4845 


4935 


5025 


5114 


5204 


5294 


5383 


5473 


5563 


5662 


90 


485 


5742 


5831 


5921 


6010 


6100 


6189 


6279 


6368 


6458 


6547 


89 


486 


6636 


6726 


6815 


6904 


6994 


7083 


7172 


7261 


7361 


7440 


89 


487 


7529 


7618 


7707 


7796 


7886 


7975 


8064 


8153 


8242 


8331 


89 


488 


8420 


8509 


8598 


8687 


8776 


8866 


8953 


9042 


9131 


9220 


89 


489 
490 


9309 


9398 


9486 
690373 


9575 


9664 


9763 


9841 


9930 


690019 


690107 


89 
89 


690196 


690285 


690462 


690550 


690639 


690728 


690816 


690905 


690993 


491 


1081 


1170 


1258 


1347 


1435 


1524 


1612 


1700 


1789 


1877 


88 


492 


1965 


2053 


2142 


2230 


2318 


2406 


2494 


2683 


2671 


2759 


88 


498 


2847 


2935 


8023 


3111 


3199 


3287 


3375 


3463 


3561 


3639 


88 


494 


3727 


3815 


3903 


3991 


4078 


4166 


4254 


4342 


4430 


4517 


68 


495 


4605 


4693 


4781 


4868 


4956 


5044 


5131 


5219 


5307 


5394 


68 


496 


540^ 


5569 


5657 


5744 


5832 


5919 


6007 


6094 


6183 


6269 


87 


497 


6356 


6444 


6531 


6618 


6706 


6793 


6880 


6968 


7055 


7142 


87 


498 


7229 


7817 


7404 


7491 


7578 


7665 


7752 


7839 


7926 


8014 


87 


499 
500 


8100 


8188 


8275 


8362 


8449 


8535 


8622 


8709 


8796 


8883 


87 
87 


698970 


699057 


699144 


699231 


699317 


699404 


699491 


699578 


699664 


699761 


501 


9838 


9924 


700011 


700098 


700184 


700271 


700358 


700444 


700631 


700617 


87 


502 


700704 


700790 


0877 


0963 


1050 


1136 


1222 


1309 


1395 


1482 


66 


503 


1568 


1654 


1741 


1827 


1913 


1999 


2086 


2172 


2258 


2344 


86 


504 


2431 


2517 


2603 


2689 


2776 


2861 


2947 


3033 


3119 


3206 


86 


505 


3291 


3377 


3463 


3549 


3635 


3721 


3807 


3893 


3979 


4066 


86 


506 


4161 


4236 


4322 


4408 


4494 


4679 


4665 


4761 


4837 


4922 


66 


507 


5008 


5094 


5179 


5265 


5360 


5436 


5522 


5607 


5603 


6778 


06 


508 


5864 


5949 


6035 


6120 


6206 


6291 


6376 


6462 


6547 


6632 


85 


509 
510 


6718 


6803 


6888 


6974 


7069 


7144 
707996 


7229 


7315 
708166 


7400 


7486 


65 

Is 


707570 


707655 


707740 


707826 


707911 


708081 


706261 


708336 


511 


8421 


8506 


8591 


9&n 


8761 


8846 


8931 


9016 


9100 


0185 


85 


512 


9270 


9355 


9440 


9524 


9609 


9694 


9779 


9863 


9948 


710033 


85 


513 


710117 


710202 


710287 


710371 


710466 


710540 


710625 


710710 


710794 


0879 


85 


514 


0963 


1048 


1132 


1217 


1301 


1386 


1470 


1554 


1639 


1723 


84 


515 


1807 


1892 


1976 


2060 


2144 


2229 


2313 


2397 


3481 


2566 


84 


516 


2650 


2734 


2818 


2902 


2986 


3070 


3164 


3238 


3323 


3407 


84 


517 


3491 


3575 


3659 


3742 


3826 


3910 


3994 


4078 


4163 


4346 


84 


518 


4330 


4414 


4497 


4581 


4666 


4749 


4833 


4916 


5000 


5084 


84 


519 

N. 


5167 


5251 


5335 


5418 


5502 


5586 


6669 


5763 


5836 


5020 


84 





I 


2 


3 


4 


5 


6 


7 


8 


9 



A Table of Logarithms from I to 10,000. 





N. 
520 





1 2 




3 


4 


6 


6 


7 


8 


9 


D. 

63 




716003 


716087 


716170 


716264 


716337 


716421 


716604 


716588 


716671 


716754 




521 


6838 


6921 


7004 


7088 


7171 


7254 


7338 


7421 


7504 


7587 


63 




522 


7671 


7764 


7837 


7920 


8003 


8086 


8169 


8253 


8336 


8419 


63 


1 


523 


8502 


8585 


8668 


8761 


8834 


8917 


9000 


9083 


9165 


9248 


83 




524 


9331 


9414 


9497 


9580 


9663 


9745 


9828 


9911 


9994 


720077 


83 




525 


720159 


720242 


720326 


720407 


720490 


720573 


720655 


720738 


720621 


0903 


83 




526 


0986 


1068 


1161 


1233 


1316 


1398 


1481 


1563 


1646 


1728 


82 




527 


1811 


1893 


1976 


2058 


2140 


2222 


2305 


2387 


2469 


2552 


62 




528 


2634 


2716 


2798 


2881 


2963 


3045 


3127 


3209 


3291 


3374 


62 




529 
530 


3456 


3538 


3620 


3702 


3784 


3866 


3948 


4030 


4112 


4194 


82 
62 


■ 


724276 


724358 


724440 


724522 


724604 


724685 


724767 


724849 


724931 


725013 




531 


5095 


6176 


6258 


6340 


5422 


6503 


6685 


6667 


6748 


5830 


62 




532 


5912 


6993 


6075 


6156 


6238 


6320 


6401 


6483 


6564 


6646 


62 




533 


6727 


6809 


6890 


6972 


7053 


7134 


7216 


7297 


7379 


7460 


81 




534 


7541 


7623 


7704 


7785 


7866 


7948 


8029 


8110 


8191 


8273 


81 




535 


8354 


8435 


8516 


8597 


8678 


8759 


8841 


8922 


9003 


9084 


81 


k 


m 


9165 


9246 


9327 


9408 


9489 


9670 


9651 


9732 


9813 


9693 


81 


' 


537 


9974 


730055 


730136 


730217 


730298 


730378 


730459 


730540 


730621 


730702 


81 




538 


730782 


0863 


0944 


1024 


1105 


1186 


1266 


1347 


1428 


1506 


61 




539 
540 


1589 


1669 


1750 


1830 


1911 


1991 


2072 


2152 


2233 


2313 


61 
60 




732394 


732474 


732656 


732635 


732715 


732796 


732876 


732956 


733037 


733117 




641 


3197 


3278 


3358 


3438 


3518 


3598 


3679 


3759 


3839 


3919 


80 




542 


3999 


4079 


4160 


4240 


4320 


4400 


4480 


4560 


4640 


4720 


80 




543 


4800 


4880 


4960 


6040 


6120 


5199 


6279 


6359 


6439 


5519 


60 




544 


5599 


6679 


5759 


6838 


6918 


6998 


6078 


6157 


6237 


6317 


60 




545 


6397 


e»476 


6566 


6635 


6715 


6795 


6874 


6954 


7034 


7113 


60 




546 


7193 


7272 


7352 


7431 


7511 


7590 


7670 


7749 


7829 


7906 


79 




547 


7987 


8067 


8146 


8225 


8305 


8384 


8463 


8543 


8622 


8701 


79 




548 


8781 


8860 


8939 


9018 


9097 


9177 


9256 


9335 


9414 


9493 


79 




549 
550 


9572 


9651 


9731 


9810 


9889 


9968 


740047 


740126 


740205 


740284 


79 
79 




740363 


740442 


740521 


740600 


740678 


740767 


740836 


740915 


740994 


741073 




551 


1152 


1230 


1309 


1388 


1467 


1546 


1624 


1703 


1782 


1860 


79 




552 


1939 


2018 


2096 


2176 


2264 


2332 


2411 


2489 


2568 


2647 


79 




553 


2725 


2804 


2882 


2961 


3039 


3118 


3196 


3275 


3363 


3431 


78 




554 


3510 


3588 


3667 


3745 


3823 


3902 


3980 


4058 


4136 


4215 


78 




555 


4293 


4371 


4449 


4528 


4606 


4684 


4762 


4840 


4919 


4997 


78 




556 


5075 


6163 


6231 


6309 


6387 


6466 


6643 


6621 


6699 


5777 


78 




557 


5855 


6933 


6011 


6089 


6167 


6245 


6323 


6401 


6479 


6556 


78 




558 


6634 


6712 


6790 


6868 


6946 


7023 


7101 


7179 


7256 


7334 


78 




559 
560 


7412 


7489 


7667 


7646 


7722 


7800 


7878 


7955 


8033 


8110 


78 
77 




748188 


748266 


748343 


748421 


748498 


748576 


748653 


748731 


748806 


748665 




561 


8963 


9040 


9118 


9195 


9272 


9350 


9427 


9504 


9562 


9659 


77 




562 


9736 


9814 


9891 


9968 


750046 


760123 


760200 


750277 


750354 


750431 


77 




563 


750508 


750586 


750663 


750740 


0817 


0694 


0971 


1048 


1125 


1202 


77 




664 


1279 


1356 


1433 


1510 


1687 


1664 


1741 


1818 


1896 


1972 


77 




565 


2048 


2125 


2202 


2279 


2356 


2433 


2509 


2586 


2663 


2740 


77 




666 


2816 


2893 


2970 


3047 


3123 


3200 


3277 


3353 


3430 


3506 


77 




667 


3583 


3660 


3736 


3813 


3889 


3966 


4042 


4119 


4195 


4272 


77 




668 


4348 


4425 


4601 


4578 


4664 


4730 


4807 


4883 


4960 


5036 


76 




669 
670 


5112 


5189 


6266 


6341 


6417 


5494 


6570 


6646 


5722 


5799 


76 

76 




755875 


765951 


766027 


756103 


756180 


756266 


756332 


756408 


756484 


766560 




671 


6636 


6712 


6788 


6864 


6940 


7016 


7092 


7168 


7244 


7320 


76 




572 


7396 


7472 


7548 


7624 


7700 


7776 


7851 


7927 


8003 


6079 


76 




673 


8155 


8230 


8306 


8382 


8458 


8533 


8609 


8685 


8761 


6836 


76 




674 


8912 


8988 


9063 


9139 


9214 


9290 


9366 


9441 


9517 


9592 


76 




576 


9668 


9743 


9819 


9894 


9970 


760045 


760121 


76019 6 


760272 


760347 


76 




676 


760422 


760498 


760673 


760649 


760724 


0799 


0675 


0950 


1025 


1101 


75 




677 


1176 


1251 


1326 


1402 


1477 


1552 


1627 


1702 


1778 


1653 


75 




678 


1928 


2003 


2078 


2153 


2228 


2303 


2378 


2453 


2529 


2604 


76 




679 


2679 



2754 


2829 


2904 


2978 


3053 


3128 


3203 


3278 


3353 


75 
D. 
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A Table of Logarithm from I to 10,000. 



N. 

680 
681 
682 
683 
684 
686 
686 
687 
688 
689 

690 
691 
592 
693 
694 
695 
696 

597 
698 
699 

600 
601 
602 
603 
604 
606 
606 
607 
608 
609 

610 
611 
612 
613 
614 
615 
616 

617 

618 
619 

620 
621 
622 
623 
624 
626 
626 
627 
628 
629 

630 
631 
632 
633 
634 
636 
636 
637 
638 
639 
— 





1 

763P.03 
4251 
4998 
6743 
6487 
7230 
7972 
8712 
9451 

770189 

770926 
1661 
2396 
8128 
3860 
4690 
6319 
6047 
6774 
7499 


2 

763578 
4326 
6072 
6818 
6662 
7304 
8046 
8786 
9526 

770263 

770999 
1734 
2468 
3201 
3933 
4663 
6392 
6120 
6846 
7572 

778296 
9019 
9741 

780461 
1181 
1899 
2616 
3332 
4046 
4760 


3 


4 

7J13727 
4476 
6221 
6966 
6710 
7463 
8194 
8934 
9673 

770410 


6 


6 


7 


8 


9 


D. 

76 
75 
75 
74 
74 
74 
74 
74 
74 
74 

73 
73 
73 
73 
73 
73 
73 
73 
72 

72 
72 

72 
72 

72 
72 
72 
71 
71 
71 

71 
71 
71 
71 
71 
71 
70 
70 
70 
70 

70 
70 
70 
70 
70 

69 
69 
69 
69 
69 

69 
69 
69 
69 
69 
68 
68 
68 
68 
68 

1). 


763428 
4176 
4923 
6669 
6413 
7156 
7898 
8638 

9377 
770115 


763653 
44(10 
6147 
6892 
6f»6 
7379 
8120 
8860 
9599 

770336 

771073 

18U8 
2642 
3274 
4006 
4736 
6466 
6193 
6919 
7644 


763802 
4660 
6296 
6041 
6786 

7627 
8268 
9008 
9746 
770484 


763B77 
4624 
6370 
6116 
6859 
7601 
8342 
9082 
9820 

770567 

771293 
2028 
2762 
3494 
4226 
4966 
6683 
6411 
7137 
7862 


7«I962 
4699 
6446 
6190 
6933 
7676 
8416 
9166 
9894 

770631 


764027 
4774 

5520 
6264 

7007 
7749 
8490 
9230 
9968 
770705 

771440 
2175 
2908 
3640 
4371 
6100 
6829 
6566 
7282 
8006 


764101 
4818 
5694 
H338 
7082 
7823 
8664 
9303 

770042 
0778 


770852 
1587 
2322 
3055 
3786 

4617 
6246 
6974 
6701 
7427 

778161 
8874 
9596 

780317 
1037 
1755 
2473 
3189 
3904 
4617 


771146 
1881 
2615 
3348 
4079 
48(»9 
6538 
6265 
6992 
7717 


771220 
1955 
2688 
3421 
4162 
4882 
6610 
6338 
7064 
7789 


77l3f;7 

2102 
2836 
3667 
4298 
5028 
6756 
6483 
7209 
7934 


771514 
2248 
2981 
3713 
4444 
5173 
5902 
6«29 
73.^4 
8(79 


778224 
8947 
9669 

780389 
1109 
1827 
2644 
3260 
3975 
46^19 


778368 
9091 
9813 

780533 
1263 

1971 
2688 
3403 
4118 
4831 


778441 
9163 
9885 

780606 
1324 
2042 
2759 
3476 
4189 
4902 


778613 
9236 
9957 

780677 
1396 
2114 
2831 
3546 
4261 
4974 


778686 
9308 

780029 
0749 
1468 
2186 
2902 
3618 
4332 
6046 


778668 
9380 

780101 
0821 
1640 
2268 
2974 
3689 
4403 
6116 


77i^730 
9452 

780173 
0893 
1612 
2329 
3046 

2761 
4475 

61} 7 


778802 
9524 

78(»-24d 
0966 
1684 
2401 
3117 
38;i2 
4546 
5269 


785330 
6041 
6751 
7460 
8168 
8875 
9681 

790285 
0988 
1691 


786401 
6112 
6822 
7631 
8239 
8946 
9651 

7903r)6 
1059 
1761 


786472 
6183 
6893 
7602 
8310 
9016 
9722 

790426 
1129 
1831 


786643 
6254 
6964 
7673 
8381 
9087 
9792 

790496 
1199 
1901 


786616 
6326 
7036 
7744 
8461 
9157 
9863 

790567 
1269 
1971 


786686 
6396 
7106 
7816 
8622 
9228 
9933 

790637 
1340 
2041 

792742 
3441 
4139 
4836 
6532 
6227 
6921 
7614 
8305 
8996 


786767 
6467 
7177 
7885 
8693 
9299 

790004 
0707 
1410 
2111 


786828 
6638 
7248 
7966 
8663 
9369 

790074 
0778 
1480 
2181 


785899 
6609 
7319 
W»27 
J 734 
9440 

790144 
0848 
1550 
2252 


785^70 
.««tJ0 
7390 
8098 
8804 
9510 

790215 
0918 
1620 
2322 


792392 
3092 
3790 
4488 
6185 
6880 
6674 
7268 
7960 
8651 


792462 
3162 
3860 
4d5a 
5254 
6949 
6644 
7337 
8029 
8/20 


792532 
3231 
3930 
4627 
6324 
6019 
6713 
7406 
8098 
8789 

799478 
800167 
0864 
1641 
2226 
2910 
3694 
4276 
4957 
6637 


792602 
3301 
4000 
4697 
6393 
6088 
6782 
7476 
8167 
8858 


792672 
3371 
4070 
4767 
6463 
6168 
6852 
7646 
8236 
8927 


792812 
3511 
4209 
4906 
6602 

6297 
6990 
7683 
8874 
9066 


792882 
3681 
4279 
4976 
6672 
6366 
7060 
7762 
8443 
9134 


792962 
3661 
4349 
6046 
5741 
6436 
7129 

. 7821 
8613 
9203 


793022 
3721 
4418 
5116 
5811 
6506 
7198 
7890 
8582 
9272 


799341 
800029 

0717 
1404 
2089 
2774 
3457 
4139 
4821 
6501 


799409 
800098 
0786 
1472 
2158 
2842 
3625 
4208 
4889 
6669 


799647 
800236 
0923 
1609 
2296 
2979 
3662 
4344 
6025 
6706 


799616 

800306 

0992 

1678 

2363 

3047 
3730 
4412 
6093 
6773 


799686 

800373 

1061 

1747 
2432 
3116 
3798 
4480 
6161 
6841 


799764 
800442 
1129 
1816 
2500 
3184 
3867 
4648 
6229 
6908 


799823 
800611 
1198 
1884 
2668 
3252 
3936 
4616 

6297 
6976 


799892 
800680 
1266 
1952 
2637 
3321 
4003 
4685 
6366 
6044 


799961 
800648 
1336 
2021 
2705 
3389 

4f.71 

4753 
6433 
6112 


IN. 
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3 


4 


6 


6 


7 


8 
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A Table of Logarithms from 1 to 10,000. 



N. 

m 





1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 

68 


806180 


806248 


806316 


806384 


806461 


806619 


806587 


806666 


806723 


806790 


641 


6858 


6926 


6994 


7061 


7129 


7197 


7264 


7332 


7400 


7467 


68 


642 


7535 


7603 


7670 


7738 


7806 


7873 


7941 


8008 


8076 


8143 


68 


643 


8211 


8279 


8346 


8414 


8481 


8549 


8616 


8684 


8751 


8818 


67 


644 


8mm 


8953 


9021 


9088 


9156 


9223 


9290 


9358 


9425 


9492 


67 


645 


9560 


9627 


9694 


9762 


9829 


9896 


9964 


810031 


810098 


810165 


67 


646 


810233 


8103U0 


810367 


810434 


810501 


810569 


810636 


0703 


0770 


0837 


67 


ui 


0904 


0971 


1039 


1106 


1173 


1240 


1307 


1374 


1441 


1608 


67 


m 


1576 


1642 


1709 


1776 


1843 


1910 


1977 


2044 


2111 


2178 


67 


649 
650 


2245 


2312 


2379 


2445 
813114 


2512 


2579 


2646 


2713 


2780 


2847 


67 
67 


812913 


812980 


813047 


813181 


813247 


813314 


813381 


813448 


813514 


651 


3561 


3648 


3714 


3781 


3848 


3914 


3981 


4048 


4114 


4181 


67 


652 


4248 


4314 


4381 


4447 


4514 


4581 


4647 


4714 


4780 


4847 


67 


653 


4913 


4980 


5046 


6113 


6179 


6246 


6312 


6378 


6445 


6511 


66 


654 


6578 


6644 


6711 


6777 


5843 


6910 


6976 


6042 


6109 


6176 


66 


655 


6241 


6308 


6374 


6440 


660G 


6573 


6639 


6705 


6771 


6838 


66 


656 


6904 


6970 


7036 


7102 


7169 


7235 


7301 


7367 


7433 


7499 


66 


657 


7565 


7631 


7698 


7764 


7830 


7896 


7962 


8028 


8094 


8160 


66 


658 


8226 


8292 


8358 


8424 


8490 


8656 


8622 


8688 


8754 


8820 


66 


659 
660 


8885 


8951 


9017 


9083 


9149 


9216 


9281 


9346 


9412 


9478 


66 
66 


819544 


819610 


819676 


819741 


819807 


819873 


819939 


820004 


820070 


820136 


661 


820201 


820267 


820333 


820399 


820464 


820530 


820695 


0661 


0727 


0792 


66 


662 


0858 


0924 


0989 


1055 


1120 


1186 


1251 


1317 


1382 


1448 


66 


663 


1614 


1579 


1645 


1710 


1775 


1841 


1906 


1972 


2037 


2103 


65 


664 


2168 


2233 


2299 


2364 


2430 


2496 


2560 


2626 


2691 


1756 


66 


665 


2822 


2887 


2952 


3018 


3083 


3148 


3213 


3279 


3344 


3409 


66 


666 


3474 


3539 


3605 


3670 


3735 


3800 


3865 


3930 


3996 


4061 


66 


667 


4126 


4191 


4256 


4321 


4386 


4451 


4516 


4681 


4646 


4711 


65 


668 


4776 


4841 


4906 


4971 


6036 


6101 


6166 


6231 


6296 


6361 


65 


669 
670 


5426 


6491 


5556 


6621 


6686 


6761 
826399 


6815 


6880 


6946 


6010 


65 
65 


826075 


826140 


826204 


826269 


826334 


826464 


826528 


826693 


826658 


«7i 


6723 


6787 


6852 


6917 


6981 


7046 


7111 


7175 


7240 


7305 


66 


672 


7369 


7434 


7499 


7663 


7628 


7692 


7757 


7821 


7886 


7951 


65 


6/3 


8015 


8080 


8144 


8209 


8273 


8338 


8402 


8467 


8631 


8595 


64 


674 


8660 


8724 


8789 


8853 


8918 


8982 


9046 


9111 


9175 


9239 


64 


675 


9304 


9368 


9432 


9497 


9561 


9625 


9690 


9754 


9818 


9882 


64 


676 


9947 


830011 


830075 


830139 


830204 


830268 


830332 


830396 


830460 


830525 


64 


«77 


830589 


0653 


07.17 


0781 


0845 


0909 


0973 


1037 


1102 


1166 


64 


678 


1230 


1294 


1358 


1422 


1486 


1550 


1614 


1678 


1742 


1806 


64 


679 
680 


1870 


1934 


1998 


2062 


2126 


2189 


2253 


2317 


2381 
833020 


2445 


64 
64 


632509 


832673 


832637 


832700 


832764 


832828 


832892 


832966 


833083 


681 


3147 


3211 


3275 


3338 


3402 


3466 


3530 


3593 


3657 


3721 


64 


682 


3784 


8848 


3912 


3975 


4039 


4103 


4166 


4230 


4294 


4357 


64 


683 


4421 


4484 


4548 


4611 


4675 


4739 


4802 


4866 


4929 


4993 


G4 


684 


5056 


6120 


6183 


6247 


6310 


6373 


6437 


6600 


6564 


6627 


63 


685 


5691 


6754 


6817 


6881 


6944 


6007 


6071 


6134 


6197 


6261 


63 


686 


6324 


6387 


6451 


6514 


6677 


6641 


6704 


6767 


6830 


6894 


63 


687 


6957 


7020 


7083 


7146 


7210 


7273 


7336 


7399 


7462 


7525 


63 


688 


7588 


7652 


7715 


777« 


7841 


7904 


7967 


8030 


8093 


8156 


63 


689 
690 


8219 


8282 


8345 


8408 


8471 


8534 
839164 


8697 


8660 


8723 
839362 


8786 
839415 


63 
63 


838849 


838912 


838975 


839038 


839101 


839227 


839289 


691 


9478 


9541 


9604 


9667 


9729 


9792 


9855 


9918 


9981 


840043 


63 


692 


840106 


840169 


840232 


840294 


840357 


840420 


840482 


840545 


840608 


0671 


63 


693 


0733 


0796 


0859 


0921 


0984 


1046 


1109 


1172 


1234 


1297 


63 


694 


1359 


1422 


1485 


1647 


1610 


1672 


1735 


1797 


1860 


1922 


63 


695 


1985 


2047 


2110 


2172 


2235 


2297 


2360 


2422 


2484 


2547 


62 


696 


2609 


2672 


2734 


2796 


2869 


2921 


2983 


3040 


3108 


3170 


62 


6:^7 


3233 


3295 


3357 


3420 


3482 


3544 


3606 


3669 


3731 


3793 


62 


698 


3856 


3918 


3980 


4042 


4104 


4166 


4229 


4291 


4353 


4415 


62 


699 


4477 


4539 


4601 


4664 


4726 


4788 


4860 


4912 


4974 


6036 


62 
D. 
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2 


3 


4 


6 


6 


7 


8 
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A Tabie of Logarithm* from I to 10,000. 



N. 
700 





1 


2 


S 


4 


6 


6 


7 


8 
846594 


9 
845856 


D. 

62 


846098 


845160 


846232 


846384 


846346 


846408 


846470 


846632 


701 


6718 


6780 


6842 


5904 


6966 


6028 


6090 


6161 


6213 


6275 


63 


702 


6337 


6399 


6461 


6623 


6686 


6646 


6708 


6770 


6832 


mi 


IS 


703 


6966 


7017 


7079 


7141 


7202 


7264 


7326 


7388 


7449 


7511 


fS 


704 


7673 


7634 


7696 


7768 


7819 


7881 


7943 


8004 


8066 8128 > IS] 


706 


8189 


8261 


8312 


8374 


8436 


8497 


8659 


8620 


8682 8743 


62 


706 


8806 


8866 


8928 


8989 


9061 


9112 


9174 


9236 


9297 


9358 


61 


707 


9419 


9481 


9642 


9604 


9666 


9726 


9788 


9849 


9911 


9972 


61 


708 


860033 


860095 


860166 


860217 


850279 


860340 


860401 


850462 


850524 


850&8) 


61 


709 
710 


0646 


0707 


0769 


0830 


0891 


0962 


1014 


1076 


1136 


1197 
851899 


61 
61 


861268 


861320 


861381 


861442 


861603 


861664 


861625 


861686 


851747 


711 


1870 


1931 


1992 


2068 


2114 


2176 


2236 


2297 


23£8 


2419 


S] 


712 


2480 


2641 


2602 


2663 


2724 


2786 


2846 


2907 


2968 


3029 


61 


713 


3090 


3160 


8211 


3272 


8333 


3394 


3455 


3616 


3577 


3637 


61 


714 


3698 


3769 


8820 


3881 


8941 


4002 


4063 


4124 


418.5 


4245 


61 


715 


4306 


4367 


4428 


4488 


4649 


4610 


4670 


4731 


4792 


AU 


61 


716 


4913 


4974 


6034 


6096 


6156 


6216 


6277 


6337 


6398 


5459 


61 


717 


6619 


6680 


6640 


6701 


5761 


6822 


6882 


6943 


6003 


6064 


61 


718 


6124 


6186 


6246 


6306 


6366 


6427 


6487 


6648 


6608 


6668 


Si 


719 
720 


6729 


6789 


6860 


6910 
867613 


6970 


7031 


7091 


7162 


7212 


7272 

857875 


69 


867332 


867393 


867463 


867674 


867634 


867694 


857766 


857815 


721 


7935 


7996 


8066 


8116 


8176 


8236 


8297 


8357 


8417 


8477 


60 


722 


8637 


8697 


8667 


8718 


8778 


8838 


8898 


8958 


9018 


9078 


69 


723 


9138 


9198 


9268 


9318 


9379 


9439 


9499 


9659 


9619 


9679 


611 


724 


9739 


9799 


9859 


9918 


9978 


860038 


860098 


860158 


860218 


860278 


60 


726 


860338 


860398 


860468 


860618 


860678 


0637 


0697 


0767 


0817 


0877 


60 


726 


0937 


0996 


1056 


1116 


1176 


1236 


1296 


1356 


1415 


1475 


60 


727 


1634 


1594 


1664 


1714 


1773 


1833 


1893 


1962 


2012 


2072 


« 


728 


2131 


2191 


2251 


2310 


2370 


2430 


2489 


2549 


2608 


2668 


liO 


729 
730 


2728 


2787 


2847 


2906 


2966 


3025 


3085 


3144 


3204 


3263 
863858 


ff 

a 


863323 


863382 


863442 


863601 


863661 


863620 


863680 


863739 


863799 


731 


3917 


3977 


4036 


4096 


4165 


4214 


4274 


4333 


4392 


4452 


$ 


732 


4511 


4570 


4630 


4689 


4748 


4808 


4867 


4926 


4985 


5045 


$ 


733 


6104 


6163 


6222 


6282 


6341 


6400 


6469 


6519 


6578 


6637 


1 


734 


6696 


6756 


6814 


6874 


6933 


6992 


6051 


6110 


6169 


6228 


« 


736 


6287 


6346 


6406 


6465 


6524 


6683 


6642 


6701 


6760 


6819 


» 


736 


6878 


6937 


6996 


7066 


7114 


7173 


7232 


7291 


7350 


7409 


aO 


737 


7467 


7626 


7585 


7644 


7703 


7762 


7821 


7880 


7939 


7998 


5!) 


738 


8066 


8116 


8174 


8233 


8292 


8360 


8409 


8468 


8527 


8581) 


$ 


739 
740 


8644 


8703 


8762 


8821 


8879 


8938 


8997 


9066 


9114 


9173 
869760 


JO 

39 


869232 


869290 


869349 


869408 


869466 


869626 


869684 


869642 


869701 


741 


9818 


9877 


9936 


9994 


870063 


870111 


870170 


870228 


870287 


870345 


$ 


742 


870404 


870462 


870621 


870679 


0638 


0696 


0766 


0813 


0872 


0930 


jm 


743 


0989 


1047 


1106 


1164 


1223 


1281 


1339 


1398 


1466 


1515 


Ji8 


744 


1573 


1631 


1690 


1748 


1806 


1866 


1923 


1981 


2040 


2098 


Si 


746 


2156 


2216 


2273 


2331 


2389 


2448 


2606 


2564 


2622 


2681 


i8 


746 


2739 


2797 


2855 


2913 


2972 


3030 


3088 


8146 


3204 


3262 


$8 


747 


3321 


3379 


8437 


3496 


3663 


3611 


3669 


3727 


3785 


3844 


SH 


748 


3902 


3960 


4018 


4076 


4134 


4192 


4250 


4308 


4366 


4424 


in 


749 
760 


4482 


4640 


4598 


4656 


4714 


4772 


4830 


4888 


4945 


5003 
875582 


St 


876061 


876119 


875177 


876235 


876293 


876351 


876409 


876466 


876624 


761 


6640 


6698 


5766 


6813 


6871 


6929 


6987 


6046 


6102 


616U. SB 


752 


6218 


6276 


6333 


6391 


6449 


6507 


6664 


6622 


6680 


6737I J« 


763 


6796 


6863 


6910 


6968 


7026 


7083 


7141 


7199 


7266 


rm^ as 


764 


7371 


7429 


7487 


7644 


7602 


7659 


7717 


7774 


7832 


7889 ^ 


766 


7947 


8004 


8062 


8119 


8177 


8234 


8292 


8349 


8407 


8464 hi 


766 


8522 


8679 


8637 


8694 


8752 


8809 


8866 


8924 


8981 


903P/^/ 


767 


9096 


9153 


9211 


9268 


9325 


9383 


9440 


9497 


9556 


9612 i ii 


768 


9669 


9726 


9784 


9841 


9898 


9966 


880013 


880070 


880127 


88OI80 


SI 


769 


880242 


880299 


880356 


880413 


880471 


880528 


0686 


0642 


0699 


0756 
9 


SI 


N. 





1 


2 


3 


4 


6 


6 


7 


8 


D. 



A Table of LogarUhnu from 1 to 10,000. 



760 
761 
762 
763 
764 
765 
766 

767 
768 
769 

770 

771 
772 
773 
774 
775 
776 
777 
778 
779 

780 
781 
782 
783 
784 
785 
786 
787 
788 
789 

790 
791 
792 
793 
794 
795 
796 
797 
798 
799 

800 
801 
802 
803 
804 
805 
806 
807 
808 
809 

810 
811 
812 
813 
814 
815 
816 
817 
818 
819 

N. 





1 


2 


3 


4 


6 


6 


7 


8 


9 


D. 

67 
67 
67 
67 
67 
67 
67 
67 
67 
66 

66 
66 
56 
66 
56 
66 
66 
66 
66 
66 

66 
66 
56 
66 
56 
66 
65 
56 
55 
56 

65 
55 
65 
66 
65 
65 
66 
64 
64 
64 

64 
64 
64 
64 
64 
54 
64 
64 
64 
54 

54 
64 
63 
63 
63 
63 
63 
63 
63 
63 

D. 


880814 
1385 
1955 
2525 
3093 
3661 
4229 
4795 
5361 
6926 


880871 
1442 
2012 
2581 
3150 
3718 
4285 
4852 
6418 
6983 


880928 
1499 
2069 
2638 
3207 
3776 
4342 
4909 
6474 
6039 


880985 
1556 
2126 
2696 
3264 
3832 
4399 
4965 
5531 
6096 


881042 
1613 
2183 
2752 
3321 
3888 
4455 
5022 
6587 
6152 


881099 
1670 
2240 
2809 

3377 
3945 
4512 
6078 
5644 
6209 


881156 
1727 
2297 
2866 
3434 
4002 
4569 
6135 
6700 
6265 


881213 
1784 
2354 
2923 
3491 
4059 
4625 
5192 
5767 
6321 


881271 
1841 
2411 
2980 
'3548 
4115 
4682 
5248 
6813 
6378 


881328 
1890 
2468 
3037 
3605 
4172 
4739 
5305 
6870 
6434 


886491 
7054 

7617 
8179 
8741 
9302 
9862 
890421 
0980 
1637 


886547 
7111 
7674 
8236 
8797 
9358 
9918 

890477 
1035 
1693 


886604 

7167 
7730 
8292 
8853 
9414 
9974 
890533 
1091 
1649 


886660 

722;^ 

7786 
8348 
8909 
9470 
890030 
0589 
1147 
1705 


886716 
7280 
7842 
8404 
8966 
9526 

890086 
0645 
1203 
1760 

892317 
2873 
3429 
3984 
4638 
6091 
6644 
6195 
6747 
7297 


886773 
7336 
7898 
8460 
9021 
9582 

890141 
0700 
1259 
1816 


886829 
7392 
7955 
8516 

9077 
9638 

890197 
0756 
1314 
1872 


886886 
7449 
8011 
8573 
9134 
9694 

890253 
0812 
1370 
1928 


886942 
7506 
8067 
8629 
9190 
9750 

890309 
0868 
1426 
1983 


886998 
7661 
8123 
8685 
9246 
9806 

890365 
0924 
1482 
2039 

892696 
3151 
3706 
4261 
4814 
6367 
6920 
6471 
7022 
7572 


892095 
2651 
3207 
3762 
4316 
4870 
6423 
6975 
6526 
7077 


892150 
2707 
3262 
3817 
4371 
4925 
5478 
6030 
6681 
7132 


892206 
2762 
3318 
3873 

4427 
4980 
6533 
6085 
6636 
7187 


892262 
2818 
3373 
3928 
4482 
5036 
5588 
6140 
6692 
7242 


892373 
2929 
3484 
4039 
4593 
5146 
6699 
6251 
6802 
7352 


892429 
2986 
3540 
4094 
Aim 
5201 
6764 
6306 
6867 
7407 


892484 
3040 
3595 
4150 
4704 
6257 
6809 
6361 
6912 
7462 


892540 
3096 
3651 
4205 
4759 
5312 
6864 
6416 
6967 
7517 


897627 
8176 
8726 
9273 
9821 

900367 
0913 
1458 
2003 
2647 


897682 
8231 
8780 
9328 
9876 

900422 
0968 
1513 
2057 
2601 


897737 
8286 
8835 
9383 
9930 

900476 
1022 

1667 
2112 
2656 


897792 
8341 
8890 
9437 
9985 

900531 

1077 
1622 
2166 
2710 


897847 
8396 
8944 
9492 

900039 
0586 
1131 
1676 
2221 
2764 


897902 
8451 
8999 
9547 

900094 
0640 
1186 
1731 
2275 
2818 

903361 
8904 
4445 
4986 
5626 
6066 
6604 
7143 
7680 
8217 


897967 
8506 
9054 
9602 

900149 
0695 
1240 
1786 
2329 
2873 


898012 
8561 
9109 
9656 

900203 
0749 
1295 
1840 
2384 
2927 

903470 
4012 

♦4553 
6094 
6634 
6173 
6712 
7250 
7787 
8324 


898067 
8615 
9164 
9711 

900258 
0804 
1349 
1894 
2438 
2981 


898122 
8670 
9218 
9766 

900312 
0859 
1404 
1948 
2492 
3036 


903090 
3633 
4174 
4716 
6266 
6796 
6336 
6874 
7411 
7949 


903144 
3687 
4229 
4770 
6310 
5850 
6389 
6927 
7466 
8002 


903199 
3741 
4283 
4824 
6364 
6904 
6443 
6981 
7519 
8056 


903263 
3795 
4337 
4878 
5418 
5958 
6497 
7035 
7673 
8109 


903307 
3849 
4391 
4932 
6472 
6012 
6561 
7089 
7626 
8163 


903416 
3968 
4499 
5040 
6580 
6119 
6658 
7196 
7734 
8270 


903524 
4066 
4607 
6148 
5688 
6227 
6766 
7304 
7841 
8378 


903678 
4120 
4661 
6202 
6742 
6281 
6820 
7358 
7895 
8431 


908485 
9021 
9656 

910091 
0624 
1158 
1690 
2222 
2763 
3284 


908539 
9074 
9609 

910144 
0678 
1211 
1743 
2276 
2806 
3337 


906692 
9128 
9663 

910197 
0731 
1264 
1797 
2328 
2869 
3390 


908646 
9181 
9716 

910251 
0784 
1317 
1860 
2381 
2913 
3443 


908699 
9235 
9770 

910304 
0838 
1371 
1903 
2435 
2966 
3496 


908763 
9289 
9823 

910358 
0891 
1424 
1956 
2488 
3019 
3649 


908807 
9342 

9877 
910411 
0944 
1477 
2009 
2641 
3072 
3602 


908860 
9396 
9930 

910464 
0998 
1530 
2063 
2594 
3126 
3656 


908914 
9449 
9984 

910618 
1051 
1584 
2116 
2647 
3178 
3708 


908967 
9503 

910037 
0571 
1104 
1637 
2169 
2700 
3231 
3761 





1 


2 


3 


4 


d 6 


7 


8 


9 



A Table of Logaritkm from 1 to 10,000. 



F 





I 


2 


3 


4 


6 


6 


7 


8 


9 


D. 


820 


913814 


913867 


913920 


913973 


914026 


914079 


914132 


914184 


914237 


914290 


53 


821 


4343 


4396 


4449 


4502 


4555 


4m\ 


4660 


4713 


4766 


4819 


53 


822 


4872 


4925 


4977 


5030 


5083 


6136 


5189 


6241 


6294 


6347 


53 


823 


5400 


5453 


5505 


5558 


5611 


5664 


6716 


5769 


6822 


6876 


53 


824 


5927 


5980 


6033 


6085 


6138 


6191 


6243 


6296 


6349 


6401 


53 


825 


6454 


6507 


6559 


6612 


6664 


6717 


6770 


6822 


6876 


6927 


53 


826 


6980 


7033 


7085 


7138 


7190 


7243 


7295 


7348 


7400 


7463 


53 


827 


7506 


7558 


7611 


7663 


7716 


7768 


7820 


7873 


7925 


7978 


52 


828 


8030 


8083 


8135 


8188 


8240 


8293 


8345 


8397 


8450 


8502 


62 


3 §s 


8555 


8607 


8659 


8712 


8764 


8816 


8869 


8921 


8973 


9026 


52 

52 


919078 


919130 


919183 


919235 


919287 


919340 


919392 


919444 


919496 


919549 


831 


9601 


9653 


9706 


9768 


9810 


9862 


9914 


9967 


920019 


920071 


52 


832 


920123 


920176 


920228 


920280 


920332 


920384 


920436 


920489 


0541 


0593 


52 


833 


0645 


0697 


0749 


0801 


0853 


0906 


0958 


1010 


1062 


1114 


52 


834 


1166 


1218 


1270 


1322 


1374 


1426 


1478 


1530 


1682 


1634 


52 


835 


1686 


1738 


1790 


1842 


1894 


1946 


1998 


2060 


2102 


2154 


52 


836 


2206 


2258 


2310 


2362 


2414 


2466 


2518 


2670 


2622 


2674 


52 


837 


2725 


2777 


2829 


2881 


2933 


2985 


3037 


3089 


3140 


3192 


52 


838 


3244 


3296 


3348 


3399 


3451 


3503 


3556 


3607 


3658 


3710 


52 


839 
840 


3762 


3814 


3865 


3917 


3969 


4021 


4072 


4124 


4176 


4228 


52 
52 


924279 


924331 


924383 


924434 


924486 


924638 


924689 


924641 


924693 


924744 


841 


4796 


4848 


4899 


4951 


5003 


5054 


5106 


6157 


6209 


5261 


52 


842 


5312 


5364 


5415 


5467 


5518 


6570 


6621 


6673 


6725 


5776 


52 


843 


6828 


6879 


5931 


5982 


6034 


6085 


6137 


6188 


6239 


6291 


51 


844 


6342 


6394 


6445 


6497 


6548 


6600 


6651 


6702 


6754 


6805 


51 


845 


6857 


6908 


6959 


7011 


7062 


7114 


7165 


7216 


7268 


7319 


51 


846 


7370 


7422 


7473 


7524 


7576 


7627 


7678 


7730 


7781 


7832 


51 


847 


7883 


7935 


7986 


8037 


8088 


8140 


8191 


8242 


8293 


8345 


51 


843 


8396 


8447 


um 


8549 


8601 


8652 


8703 


8764 


8805 


8857 


51 


849 
850 


8908 


8959 


9010 


9061 


9112 


9163 


9215 


9266 


9317 


9368 


51 
51 


929419 


929470 


929521 


929572 


929623 


929674 


929726 


929776 


929827 


929879 


851 


9930 


9981 


930032 


930083 


930134 


930185 


930236 


930287 


930338 


930389 


51 


852 


930440 


930491 


0542 


0592 


0643 


0694 


0745 


0796 


0847 


0898 


51 


853 


0949 


1000 


1051 


1102 


1153 


1203 


1254 


1305 


1356 


1407 


51 


854 


1458 


1509 


1560 


1610 


1661 


1712 


1763 


1814 


1864 


1915 


51 


855 


1966 


2017 


2068 


2118 


2169 


2220 


2271 


2322 


2372 


2423 


51 


856 


2474 


2524 


2575 


2626 


2677 


2727 


2778 


2829 


2879 


2930 


51 


857 


2981 


3031 


3082 


3133 


3183 


3234 


3285 


3335 


3386 


3437 


51 


858 


3487 


3538 


3589 


3639 


3690 


3740 


3791 


3841 


3892 


3943 


51 


859 
860 


3993 


4044 


4094 


4145 


4195 


4246 


4296 


4347 


4397 


4448 


51 


934498 


934549 


934599 


934650 


934700 


934761 


934801 


934852 


934902 


934953 


861 


5003 


5054 


5104 


5154 


5205 


6255 


6306 


6356 


5406 


6457 


50 


862 


6507 


6558 


5608 


5658 


5709 


6769 


6809 


5860 


6910 


5960 


50 


863 


6011 


6061 


6111 


6162 


6212 


6262 


6313 


6363 


6413 


6463 


50 


864 


6514 


6564 


6614 


6665 


6715 


6765 


6815 


6865 


6916 


6966 


50 


865 


7016 


7066 


7116 


7167 


7217 


7267 


7317 


7367 


7418 


7468 


50 


866 


7618 


7668 


7618 


7668 


7718 


7769 


7819 


7869 


7919 


7969 


50 


867 


8019 


8069 


8119 


8169 


8219 


8269 


8319 


8370 


8420 


8470 


50 


868 


8520 


8570 


8620 


8670 


8720 


8770 


8820 


8870 


8920 


8970 


50 


869 
870 


9020 


9070 
939569 


9120 


9170 


9220 


9270 


9319 


9369 


9419 

• 


9469 


60 

lo 


939519 


989619 


939669 


939719 


939769 


939819 


939869 


939918 


939968 


871 


940018 


940068 


940118 


940168 


940218 


940267 


940317 


940367 


940417 


940467 


50 


872 


0516 


0566 


0616 


0666 


0716 


0765 


0815 


0865 


0916 


0964 


50 


873 


1014 


1064 


1114 


1163 


1213 


1263 


1313 


1362 


1412 


1462 


50 


874 


1511 


1561 


1611 


1660 


1710 


1760 


1809 


1859 


1909 


1958 


50 


876 


2008 


2058 


2107 


2157 


2207 


2256 


2306 


2355 


2405 


2455 


50 


876 


2504 


2554 


2603 


2653 


2702 


2752 


2801 


2851 


2901 


2950 


50 


877 


3000 


3049 


3099 


3148 


3198 


3247 


3207 


3346 


3396 


3445 


49 


878 


3495 


3544 


3593 


3643 


3692 


3742 


3791 


3811 


3890 


3939 


49 


879 

N. 


3989 


4038 


4088 


4137 


4186 


4236 


4285 


4335 


4384 


4433 


49 
D. 





1 


2 


3 


4 


6 


6 


7 


8 
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A Table of Logarithms from 1 to 10,000. 



N. 

« 

880 
881 
882 
883 
884 
885 
886 
887 
888 
889 

890 
891 
892 
893 
894 
895 
896 
897 
898 
899 

900 
901 
902 
903 
904 
905 
906 
907 
908 
909 

910 
911 
912 
913 
914 
915 
916 
917 
918 
919 

920 
921 
922 
923 
924 
925 
926 
927 
928 
929 

930 
931 
932 
933 
934 
935 
936 
937 
938 
939 





1 


2 


8 


4 


6 


6 


7 


8 


9 


D. 

49 
49 
49 
49 
49 
49 
49 
49 
49 
49 

49 
49 
49 
49 
49 
48 
48 
48 
48 
48 

48 
48 
48 
48 
48 
48 
48 
48 
48 
48 

48 
48 
48 
48 
47 
47 
47 
47 
47 
47 

47 
47 
47 
47 
47 
47 
47 
47 
47 
47 

47 
47 
47 
47 
46 
46 
46 
46 
46 
46 

D. 


944483 
4976 
5469 
5961 
6452 
6943 
7434 
7924 
8413 
8902 

949390 
9878 

950365 
0851 
1338 
1823 
2308 
2792 
3276 
3760 


944532 
5025 
5518 
6010 
6501 
6992 
7483 
7973 
8462 
8951 


944581 
5074 
5567 
6059 
6551 
7041 
7632 
8022 
8511 
8999 


944631 
6124 
5616 
6108 
6600 
7090 
7681 
8070 
8560 
9048 


944680 
6173 
5665 
6157 
6649 
7139 
7630 
8119 
8608 
9097 

949585 
950073 
0560 
1046 
1532 
2017 
2502 
2986 
3479 
3953 


944729 
6222 
5716 
6207 
6698 
7189 
7679 
8168 

8657 
9146 


944779 
6272 
6764 
6256 

6747 
7238 
7728 

8217 
8706 
9195 


944828 
5321 
6813 
6305 
6796 
7287 
7777 
8266 
8755 
9244 


944877 
6370 
6862 
6354 
6845 
7336 
7826 
8315 
8804 
9292 


944927 
6419 
5912 
6403 
6894 
7385 
7875 
8364 
8853 
9341 


949439 
9926 

950414 
0900 
1386 
1872 
2356 
2841 
3325 
3808 


949488 
9976 

950462 
0949 
1435 
1920 
2405 
2889 
3373 
3856 


949536 

960024 

0611 

0997 
1483 
1969 
2453 
2938 
3421 
3905 


949634 
950121 
0608 
1095 
1580 
2066 
2550 
3034 
3618 
4001 


949683 
950170 
0657 
1143 
1629 
2114 
2599 
3083 
3666 
4049 


949731 

950219 

0706 

1192 

1677 
2163 
2647 
3131 
3615 
4098 


949780 
950267 
0754 
1240 
1726 
2211 
2696 
8180 
3663 
4146 


949829 
950316 
0803 
1289 
1775 
2259 
2744 
3228 
3711 
4194 


954243 
4725 
5207 
5688 
6168 
6649 
7128 
7607 
8086 
8564 


954291 
4773 
5255 
5736 
6216 
6697 
7176 
7655 
8134 
8612 


954339 
4821 
5303 
5784 
6265 
6745 
7224 
7703 
8181 
8659 


964387 
4869 
5351 
5832 
6313 
6793 
7272 
7751 
8229 
8707 


964435 
4918 
5399 
5880 
6361 
6840 
7320 
7799 

8277 
8755 


954484 
4966 
5447 
5928 
6409 
6888 
7368 
7847 
8325 
8803 


954532 
5014 

5495 
5976 
6457 
6936 
7416 
7894 
8373 
8850 


964580 
5062 
5643 
6024 
6605 
6984 
7464 
7942 
8421 
8898 


964628 
5110 
5592 
6072 
6553 
7032 
7512 
7990 
8468 
8946 


954677 
5158 
5640 
6120 
6601 
7080 
7559 
8038 
8516 
8994 


959041 
9518 
9996 

960471 
0946 
1421 
1895 
2369 
2843 
3316 


959089 
9566 

960042 
0518 
0994 
1469 
1943 
2417 
2890 
3363 


959187 
9614 

960090 
0566 
1041 
1616 
1990 
2464 
2937 
3410 


969186 
9661 

960138 
0613 
1089 
1663 
2038 
2611 
2985 
3457 

968929 
4401 
4872 
5343 
5813 
6283 
6752 
7220 
7688 
8156 


959232 
9709 

960185 
0661 
1136 
1611 
2085 
2669 
3032 
3604 


959280 

9757 
960233 
0709 
1184 
1658 
2132 
2606 
3079 
3552 


959328 
9804 

960281 
0756 
1231 
1706 
2180 
2653 
8126 
3599 


959376 
9852 

960328 
0804 
1279 
1753 
2227 
2701 
3174 
3646 


969423 
9900 

960376 
0851 
1326 
1801 
2275 
2748 
3221 
3693 


959471 
9947 

960423 
0899 
1374 
1848 
2322 
2795 
3268 
3741 


963788 
4260 
4731 
5202 
5672 
6142 
6611 

iKm 

7548 
8016 


963835 
4307 
4778 
5249 
5719 
6189 
6658 

7127 
7595 
8062 


9688R2 
4354 
4825 
6296 
5766 
6236 
6705 
7173 
7642 
8109 


963977 
4448 
4919 
6390 
6860 
6329 
6799 
7267 
7735 
8203 


964024 
4495 
4966 
5437 
6907 
6376 
6845 
7314 
7782 
8249 


964071 
4542 
5013 
6484 
5954 
6423 
6892 
7861 
7829 
8296 


964118 
4690 
5060 
5631 
6001 
6470 
6939 
7408 
7875 
8343 

968810 
9276 
9742 

970207 
0672 
1137 
1601 
2064 
2627 
2989 


964166 
4637 
6108 
6678 
6048 

6517 
6986 
7454 
7922 
8389 


964212 
4684 
5155 
5625 
6095 
6564 
7033 
7501 
7969 
8436 


968483 
8950 
9416 
9882 

970347 
0812 
1276 
1740 
2203 
2666 


96R5S0 
8996 
9463 
9928 

970393 
0858 
1322 
1786 
2249 
2712 


968576 
9043 
9509 
9975 

970440 
0904 
1369 
1832 
2295 
2758 


968623 
9090 
9656 

970021 
0486 
0961 
1415 
1879 
2342 
2804 


968670 
9136 
9602 

970068 
0533 

0997 
1461 
1925 
2388 
2861 


968716 
9183 
9649 

970114 
0679 
1044 
1508 
1971 
2434 

2897 


968763 
9229 
9695 

970161 
0626 
1090 
1554 
2018 
2481 
2943 


968866 
9323 
9789 

970254 
0719 
1183 
1647 
2110 
2573 
3036 


968903 
9369 
9835 

970300 
0765 
1229 
1693 

2157 
2619 
3082 





1 


2 


3 


4 


6 


6 


7 


8 


9 



A Table of Logarithms from 1 to 10,000. 



940 
941 
942 
943 
944 
94A 
946 
947 
948 
949 

960 
951 
962 
963 
954 
956 
956 
957 
958 
969 

960 
961 
962 
963 
964 
965 
966 
967 
968 
969 

970 
971 
972 
973 
974 
975 
976 
977 
978 
979 

980 
981 
982 
983 
984 
985 
986 
987 
988 
989 

990 
991 
992 
993 
994 
995 
996 

997 
998 
999 

N. 



973128 
3590 
4051 
4512 
4972 
5432 
5891 
6350 
6808 
7266 



977724 
8181 
8637 
9093 
9548 

980003 
0458 
0912 
1366 
1819 



982271 
2723 
3176 
3626 

4077 
4627 

4977 
5426 
5875 
6324 



986772 
7219 
7666 
8113 
8559 
9005 
9450 
9895 

990339 
0783 



991226 
1669 
2111 
2554 
2995 
3436 

3877 
4317 

4757 
5196 



995635 
6074 
6512 
6949 
7386 
7823 
8259 
8695 
9130 
9565 



1 



978174 
3636 

4097 
4558 
5018 
6478 

6937 
6396 
6854 
7812 

977769 
8226 
8683 
9138 
9594 

980049 
0503 
0957 
1411 
1864 



982316 
2769 
3220 
3671 
4122 
4572 
5022 
5471 
5920 



986817 
7264 
7711 
8157 
8604 
9049 
9494 
9939 

990383 
0827 



991270 
1713 
2156 
2598 
3039 
3480 
3921 
4361 
4801 
5240 



996679 
6117 
6555 
6993 
7430 
7867 
8303 
8739 
9174 
9609 



973220 
3682 
4143 
4604 
6064 
6524 
6933 
6442 
6900 
7358 



977815 
8272 
8728 
9184 
9639 

980094 
0549 
1003 
1456 
1909 



982362 
2814 
3265 
3716 
4167 
4617 
5067 
5516 

' 5965 
6413 



986861 
7309 
7756 
8202 
8648 
9094 
9539 
9983 

990428 
0871 



991315 
1758 
2200 
2642 
30H3 
3524 
3965 
4405 
4845 
5284 



995723 
6161 
6599 
7037 
7474 
7910 

8347 
8782 
9218 
9652 



3 



973266 
3728 
4189 
4650 
5110 
5570 
6029 
6488 
6946 
7403 



977861 
8317 
8774 
9230 
9685 

980140 
0594 
1048 
1601 
1954 



982407 
2859 
3310 
8762 
4212 
4662 
5112 
5561 
6010 
6458 



7353 
7800 
8247 
8693 
9138 
9583 
990028 
0472 
0916 

991359 
1802 
2244 
2686 
8127 
3568 
4009 
4449 
4889 
5328 



996767 
6206 
6643 
7080 

7617 
7964 
8390 
8826 
9261 
9696 



973313 
8774 
4235 
4696 
5156 
6616 
6075 
6633 
6992 
7449 



977906 
8363 
8819 
9275 
9730 

980185 
0640 
1093 

1547 
2000 



982452 
2904 
3366 
3807 
4257 
4707 
5157 
5606 
6055 
6603 



986951 
7398 
7845 
8291 

8737 
9183 
9628 
990072 
0516 
0960 



991403 
1846 
2288 
2730 
3172 
3613 
4053 
4493 
4933 
6372 



995811 
6249 
6687 
7124 
7561 
7998 
8434 
8869 
9305 
9739 



978369 
8820 
4281 
4742 
6202 
6662 
6121 
6679 
7037 
7495 



977962 
8409 
8866 
9321 
9776 

980231 
0685 
1139 
1692 
2046 



982497 
2949 
3401 
3862 
4302 
4752 
5202 
5651 
6100 
6648 

986996 
7443 
7890 
8336 



9227 
9672 
990117 
0561 
1004 



991448 
1890 
2333 
2774 
3216 
3657 
4097 
4537 
4977 
5416 



995854 
6293 
6731 
7168 
7605 
8041 

8477 
8913 
9348 
9783 

5 



6 



973406 
3866 
4327 
4788 
6248 
6707 
6167 
6625 
7083 
7541 



977998 
8464 
8911 
9366 
9821 

980276 
0730 
1184 
1637 
2090 



982543 
2994 
3446 
3897 
4347 
4797 
5247 
6696 
6144 
6693 



987040 
7488 
7934 
8381 
8826 
9272 

9717 

990161 

0605 

1049 



991492 
1936 
2377 
2819 
3260 
3701 
4141 
4681 
6021 
5460 



995898 
6337 
6774 
7212 
7648 
8085 
8621 
8956 
9392 
9826 

6 



973451 


973497 


8913 


3959 


4374 


4420 


4834 


4880 


6294 


6340 


6753 


6799 


6212 


6258 


6671 


6717 


7129 


7176 


7586 


7632 


978043 


978089 


8600 


8646 


8966 


9002 


9412 


9457 


9867 


9912 


980322 


980367 


0776 


0821 


1229 


1275 


1683 


1728 


2136 


2181 


982588 


982633 


3040 


3085 


3491 


3536 


3942 


3987 


4392 


4437 


4842 


4887 


6292 


5337 


6741 


6786 


6189 


6234 


6637 


6682 



987086 
7632 
7979 
8425 
8871 
9316 
9761 

990206 
0650 
1093 

991636 
1979 
2421 



3304 
3745 
4185 
4625 
6065 
6504 

995942 
6380 
6818 
7255 
7692 
8129 
8564 
9000 
9435 
9870 



8 



987130 

7677 
8024 
8470 
8916 
9361 
9806 
990250 
0694 
1137 



991680 
2023 
2465 
2^07 
3348 
3789 
4229 
4669 
5108 
6547 



996986 
6424 
6862 
7299 
7736 
8172 
8608 
9043 
9479 
9913 

8 



973543 

4005 
4466 
4926 
5386 
5845 
6304 
6763 
7220 
7678 



978135 
8691 
9047 
9503 
995B 

980412 
0667 
1320 
1773 
2226 

982678 
3130 
3681 
4032 
4482 
4932 
5382 
5830 
6279 
6727 

987175 
7622 
8068 
8514 
8960 
9405 
9850 

990294 
0738 
1182 



991625 
2067 
2509 
2951 
33i^ 
3833 
4273 
4713 
5152 
5591 



996030 
6468 
6906 
7343 

7779 
8216 
8652 
9087 
9522 

9957 
9 



D. 

46 

46 
46 
46 
46 
46 
46 
46 
46 

46 
46 
46 
46 
46 
4S 
45 
45 
45 
45 

45 
45 
45 
45 
45 
45 
45 
45 
45 
45 

45 
45 
45 
45 
45 
45 
44 
44 
44 
44 

44 
44 
44 
44 
44 
44 
44 
44 
44 
44 

44 
44 
44 
44 
44 
44 
44 
44 
44 
43 

a 



A TABLE 



OF 



LOGARITHMIC SINES, TANGENTS, 

AND SECANTS. 

FOR EVERY DEGREE AND MINUTE OF THE QUADRANT. 



iV. P. — The minutes in the left-hand column of each page, increasing 
downwards, belong to the degrees at the top ; and those increasing up- 
wards, in the right-hand column, belong to the degrees below. 



(0 Degrees.) TMe of LogarUkmk Sines. 



M. 

"o 

1 
2 
3 
4 
6 
6 

7 

8 

9 

10 

"IT 
12 
13 
14 
16 
16 

17 
18 
19 
20 

"21 
22 
23 
24 

26 
26 

27 
28 

29 
30 


Sine. 


D. 


COMC 


Twig. 


D. 


CoUng. Secant 


D. 

00 
00 

00 
00 
00 
01 
01 
01 
01 
01 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

01 
01 
01 
02 
02 
02 
02 
02 
02 
02 

02 
02 
02 
02 
02 
02 
02 
02 
02 
02 

02 
02 
02 
03 
03 
03 
03 
03 
03 
03 

03 
03 
03 
03 
03 
04 
04 
04 
04 
04 


Cosine 


^* 


0.000000 

6.463726 

764766 

940647 

7066786 

162696 

241877 
308824 
866816 
417968 
463726 


601717 
293486 
208231 

161617 
13196H 

111676 
96663 
86264 
76263 
68988 


Infinite 
13.636274 
236244 
069163 
12.934214 
837304 
76812;i 
691176 
633184 
682032 
636276 


0.000000 

6.463726 

764766 

940647 
7.066786 
162696 
241878 
308825 
366817 
417970 
463727 


501717 
293483 
206231 
161617 
131969 

111678 
99663 
85264 
76263 
68988 


Infinite. 

13.636274 
236244 
069163 

12.934214 
837304 
768122 
691176 
633183 
682030 
636273 

12.494880 
467091 
422328 
39U143 
360180 
332161 
306821 
280997 
267516 
236239 


10.000000 
000000 
000000 
000000 
000000 
000000 
000001 
00<H)01 
000001 
000001 
000002 


10.000000 
OOOGOO 
000000 
000000 
000000 
000000 

9.999!^ 
999999 
999999 
999999 
999998 


66 
59 
58 

57 
56 
65 
I54 
53 
52 
51 
50 

"5 

46 
47 
46 
45 
44 
43 
43 
41 
40 


7.606118 
642906 
677668 
609863 
639816 
667846 
694173 
718997 
742477 
764764 


62981 
67936 
63641 
49938 
46714 
43881 
41372 
39136 
37127 
36316 


12.494882 
467094 
422332 
390147 
360184 
332156 
306827 
2H1003 
267623 
236246 


7.6O6I2O 
642909 
677672 
609867 
639820 
667849 
694179 
719003 
742484 
764761 


62981 
67933 
63^2 
49939 
46716 
43882 
41373 
39136 
37128 
36136 


10.000002 
000003 
000003 

mnm 

000004 
000005 
000006 
000006 

000007 
000007 


9.999998 
999997 
999997 
999996 
999996 
999996 
999995 
999994 
999993 
999993 


7.786943 
806146 
826461 
843934 
861662 
878696 
896086 
910879 
926119 
940842 


33672 
32176 
30806 
29647 
28388 
27317 
26323 
26399 
24638 
23733 


12.214067 
193864 
174649 
156066 
138338 
12l;}06 
104916 
089121 
073881 
069158 


7786961 
806166 
826460 
843944 
861674 
878708 
896099 
910894 
926134 
940868 


33673 
32176 
30806 
29649 
28390 
27318 
26326 
25401 
24640 
23736 


12.214049 
193846 
174640 
166066 
138326 
121292 
104901 
089106 
073866 
069142 


10.000008 
000009 
000010 
000011 
000011 
000012 
000013 
000014 
000015 

000017 

10.000018 
000019 
000020 
000021 
000023 
000024 
000026 

000027 
00002a 

000029 


9.999992 
999991 
999990 
999989 
999988 
999988 
999987 
999986 
9^.9li85 
999983 


39 

38 

37 
36 
35 
34 
33 
32 
31 
30, 

"»/ 

-*? 
*\ 

m 

24 

23' 

22 

21 

20 


31 
32 
33 
34 
36 
36 

37 
38 
39 
40 

41 
42 
43 
44 
45 
46 

47 
48 
49 
60 

61 
52 
63 
64 
65 
66 

67 

68 

69 

|60 


7.966082 
968870 
982233 
996198 

8.007787 
020021 
031919 
043501 
064781 
066776 


22980 
22273 
21608 
20981 
20390 
19831 
19302 
18801 
18326 
17872 


12.044918 
031130 
017767 
004802 

11.992213 
979979 
968081 
966499 
945219 
934224 


7.966100 
968889 
982263 
995219 

8.007809 
020045 
031946 
043527 
064809 
065806 


22981 
22276 
21610 
20983 
20392 
19833 
19306 
18803 
18327 
17874 


12.044900 
031111 

017747 
0O4781 
11.992191 
979965 
968056 
956473 
946191 
934194 


9.999982 
999981 
999980 
999979 
999977 
999976 
999976 
999973 
999972 
999971 


8.076500 
086965 
097183 
107167 
116926 

126471 
136810 
144953 
153907 
162681 


17441 
17031 
16639 
16266 
15908 
15566 
15238 
14924 
14622 
14333 


11.923500 
913035 
902817 
892833 
883074 
873529 
864190 
855047 
846093 
837319 


8.076531 
086997 
097217 
107202 
116963 
126510 
135851 
144996 
153952 
162727 


17444 
17034 
16642 
16268 
15910 
15568 
15241 
14927 
14625 
14336 


11.923469 
913003 
902783 

. 892797 
883037 
873490 
864149 
855004 
846048 
837273 


10.000031 
000032 
000034 
000036 
OOO037 
000039 
000041 
000042 
000044 
000046 


9.999969 
999968 
999966 
999964 
999963 
999961 
999951^ 
999958 
999956 
999954 


19 
18 
17 
16 
la 

14 
13 
12 
11 
10 

9 
8 

7 
6 

4 
8 

1 



8.171280 
179713 
187985 
196102 
204070 
2P895 
219581 
227134 
234557 
241856 


14064 
13786 
13529 
13280 
13041 
12810 
12587 
12372 
12164 
11963 


11.H28720 

820287 
812015 
803898 
795930 
788105 
780419 
7728K6 
765443 
758146 


8.171328 
179763 
188036 
196156 
204126 
21195:1 
219641 
227195 
234621 
241921 


14067 
13790 
13532 
13284 
13044 
12814 
12590 
12376 
12168 
11967 


11.828672 
820237 
811964 
803844 
795874 
788047 
780369 
772805 
765379 
758079 


10.000048 
000050 
000052 
000054 
000056 
000058 
000060 
000062 
000064 
000066 


9999952 
999950 
999948 
99.9946 
999944 
990942 
999940 
999938 
999936 
999934 


L 


Cotiine 




Secant 


Coranfj. 




Tang. 


Cosec. 


8iDe 


M. 



98 Degrees. 



Tangents and Secants, (1 Degree,) 



PT 


Sine 


D. 

11963 


Cosec. 


Tang. 


D. 

11967 


Cotang. 


Secant i 


D. 

04 


Cosine 


60 





8.241855 


11758145 


8.241921 


11.758079 


10.000066 


9.999934 


1 


249033 


11768 


750967 


249102 


11772 


750898 


000068 


04 


999932 


59 


2 


250094 


11580 


743906 


266165 


11684 


743835 


000071 


04 


999929 


58 


3 


263042 


11398 


736958 


263115 


11402 


736885 


000073 


04 


999927 


57 


4 


269881 


11221 


730119 


269956 


11226 


730044 


000075 


04 


999925 


56 


5 


276614 


11050 


723386 


276691 


11054 


723309 


000078 


04 


999922 


55 


6 


283243 


10883 


716757 


283323 


10887 


716677 


000080 


04 


999920 


54 


7 


289773 


10721 


710227 


289856 


10726 


710144 


000082 


04 


999918 


53 


8 


296207 


10565 


703793 


296292 


10570 


7037O8 


000085 


04 


999915 


52 


9 


302546 


10413 


697454 


302634 


10418 


697366 


000087 


04 


999913 


51 


10 


308794 


10266 
10122 


691206 


308884 


10270 
10126 


691116 


000090 


04 
04 


9 9910 


50 
49 


8.314954 


11.685046 


8 315046 


11.684964 


10.000093 


9.999907 


12 


321027 


9982 


678973 


321122 


9987 


678878 


000095 


04 


999905 


48 


13 


327016 


9847 


9729n4 


327114 


9851 


672886 


000098 


04 


999902 


47 


14 


332924 


9714 


667076 


333025 


9719 


666975 


000101 


05 


999899 


46 


15 


338753 


9586 


661247 


338856 


9590 


661144 


000103 


05 


999897 


45 


18 


344504 


9460 


655496 


344610 


9466 


665390 


000106 


05 


999894 


44 


17 


350181 


9338 


649819 


350289 


9343 


649711 


000109 


05 


999891 


43 


18 


355783 


9219 


644217 


355896 


9224 


644106 


000112 


05 


999888 


42 


19 


361315 


9103 


638686 


361430 


9108 


638670 


000115 


05 


999885 


41 


20 
21 


366777 


8990 
8880 


633223 


366895 


8995 
8885 


633105 


000118 


05 
05 


999882 


40 
39 


8.372171 


11.627829 


8.372292 


11 627708 


10.000121 


9.999879 


22 


377499 


8772 


622601 


377622 


8777 


622378 


000124 


05 


999876 


38 


23 


382762 


8667 


617238 


3S2889 


8672 


617111 


000127 


05 


999873 


37 


24 


387962 


8564 


612038 


388092 


8570 


611908 


000130 


05 


999870 


36 


25 


393101 


8464 


606899 


393234 


8470 


606766 


000133 


05 


999867 


35 


2n 


398179 


8366 


601821 


398315 


8371 


601685 


000136 


05 


999864 


34 


27 


403199 


8271 


596801 


403338 


8276 


596662 


000139 


05 


999861 


33 


28 


408161 


8177 


591839 


408304 


8182 


591696 


000142 


05 


999858 


32 


29 


413068 


8086 


586932 


413213 


8091 


586787 


000146 


05 


999854 


31 


30 
31 


417919 


7996 
7909 


582081 


418068 


8002 
7914 


581932 


000149 


06 
06 


999851 


30 
29 


8.422717 


11.577283 


8.422869 


11.577131 


10.000152 


9.999848 


32 


427462 


7823 


572638 


427618 


7830 


572382 


000156 


06 


999344 


28 


33 
134 


432156 


7740 


567844 


432315 


7745 


567685 


000159 


06 


999841 


27 


436800 


7657 


563200 


326962 


7663 


563038 


000162 


06 


999838 


26 


3A 


441394 


7677 


558606 


441560 


7683 


558440 


000166 


06 


999834 


25 


3f{ 


445941 


7499 


554069 


446110 


7505 


553890 


000169 


06 


999831 


24 


37 


450440 


7422 


549660 


' 450613 


7428 


549387 


000173 


06 


999827 


23 


38 


454893 


7346 


545107 


455070 


7362 


544930 


000177 


06 


999823 


22 


3» 


459301 


7273 


540699 


459481 


7279 


540619 


000180 


06 


999820 


21 


40 


463665 


7200 


536335 


463849 


7206 
7136 


536151 


000184 


06 
06 


999816 


20 
19 


8.467985 


7129 


11.532015 


8.468172 


11.531828 


10.000188 


9.999812 


42 


472263 


7060 


527737 


472464 


7066 


527546 


000191 


06 


999809 


18 


43 


476498 


6991 


523602 


476693 


6998 


523307 


000195 


06 


999805 


17 


. 44 


480693 


6924 


519307 


430892 


6931 


519108 


000199 


06 


999801 


16 


' 46 


484848 


6859 


515152 


485060 


6865 


514950 


000203 


07 


999797 


15 


46 


488963 


6794 


511037 


489170 


6801 


510830 


000207 


07 


999793 


14 


; 47 


493040 


6731 


506960 


493260 


6738 


506750 


000210 


07 


999790 


13 


48 
• 49 


497078 


6669 


602922 


497293 


6676 


502707 


000214 


07 


999786 


12 


501080 


6608 


498920 


501298 


6616 


498702 


000218 


07 


999782 


11 


1 ^1 


505045 
8.508974 


6548 
6489 


494966 


505267 


6565 
6496 


494733 


000222 


07 
07 


999778 


10 
9 


11.491026 


8.609200 


11.490800 


10.000226 


9.999774 


]52 


612867 


6431 


487133 


513098 


6439 


486902 


000231 


07 


999769 


8 


153 


516726 


6376 


483274 


516961 


6382 


483039 


000235 


07 


999765 


7 


l64 


i 520551 


6319 


479449 


520790 


6326 


479210 


000239 


07 


999761 


6 


61 


» 524343 


6264 


476667 


524586 


6272 


475414 


000243 


07 


999757 


5 


5( 


1 528102 


6211 


471898 


528349 


6218 


471651 


000247 


07 


999753 


4 


63 


^ 531828 


6168 


468172 


532080 


6166 


467920 


000252 


07 


999748 


3 


5( 


) 535523 


6106 


464477 


535779 


6113 


464221 


000266 


07 


999744 


2 


5f 


i 539186 


6055 


460814 


539447 


6062 


460653 


000260 


07 


999740 


1 


6( 


) 542819 
Cosine 


6004 


457181 


543084 


6012 


456916 


000265 


07 


999735 



M. 


t 


Secant Cotang. 


Tang. 


Cosec 




Sine 


^ 
















i 


^ Degree 


es. 



r 

i 



(2 Degrees.) Tak4& of Logariihmie Shies. 





Slue 


D. 


Cotec 


Tang. 


D. 
0012 


Cotang. 


Secant 


D. 
"07 


CMine 


60 


BMaB\9 


0004 


11.457181 


8.548084 


11.460916 


10.000265 


9.999735 


1 


546422 


5956 


453578 


546691 


6962 


468309 


000269 


07 


999731 


59 


2 


549995 


5906 


450005 


550268 


6914 


449732 


000274 


07 


999726 


M 


8 


558589 


5858 


446461 


558817 


6866 


446183 


000278 


08 


999722 


57 


4 


557054 


5811 


442946 


557336 


6819 


443664 


0002U3 


OH 


999717 


56 


6 


560540 


5765 


489460 


560828 


6773 


489172 


000287 


08 


999713 


55 


6 


568999 


5719 


486001 


564291 


6727 


435709 


000292 


08 


999708 


54 


7 


567431 


5674 


482569 


567727 


5682 


482273 


000296 


08 


999704 


53 


8 


57O886 


5630 


429164 


571137 


6688 


428863 


000301 


08 


999699 


52 


9 


574214 


5587 


425786 


674520 


6695 


426480 


000306 


08 


999694 


51 


10 


577566 


6544 
6502 


422434 


677877 


5662 
5510 


42S128 


000311 


06 
08 


QOQfiAQ 


50 
49 


&5fM)692 


11.419106 


8.581206 


11.418792 


11.000316 


9.999685 


12 


58 193 


5460 


415807 


584514 


6468 


416486 


000320 


08 


999680 


48 


13 


587469 


5419 


412531 


587795 


5427 


412206 


000326 


06 


999675 


47 


14 


590721 


5379 


409279 


691051 


5387 


408949 


000330 


08 


999670 


4(i 


16 


598948 


5839 


406052 


594283 


5347 


405717 


000336 


08 


999665 


45 


16 


597152 


5800 


402848 


597492 


6308 


402506 


000340 


06 


999660 


44 


17 


600382 


5261 


899668 


600677 


5270 


899323 


000345 


06 


999655 


43 


.18 


608489 


5223 


896511 


608839 


5232 


896161 


000350 


08 


999650 


42 


1» 


606623 


5186 


393377 


600978 


6194 


398022 


000356 


09 


999645 


41 


20 
21 


609734 


5149 
5112 


890266 


610094 


5158 
6121 


889006 


000360 


09 
09 


999640 


40 


8.612823 


11.887177 


8.613189 


11.886811 


10.000866 


9.999635 


22 


615891 


5076 


384109 


616262 


5085 


383738 


000371 


09 


999629 


38 


23 


618937 


5041 


381068 


619313 


5050 


380687 


000376 


09 


999624 


37 


24 


621962 


5006 


378038 


622343 


5015 


377657 


000381 


09 


999619 


38 


25 


624965 


4972 


375035 


625352 


4981 


374648 


000386 


09 


'999614 


35 


26 


627948 


4938 


372052 


628340 


4947 


371660 


000392 


09 


999608 


34 


27 


630911 


4904 


369089 


631308 


4913 


368692 


000397 


09 


999603 


33 


28 


633854 


4871 


36G146 


634256 


4880 


365744 


000403 


09 


999597 


32 


29 


636776 


4839 


363224 


637184 


4848 


362816 


000408 


09 


995592 


31 


30 
1\ 


639680 


4306 
4775 


360320 


640093 


4816 

4784 


359907 


000414 


09 


999686 


30 


8 642563 


11.357437 


8.642982 


11.357018 


10.000419 


09 


9999581 


32 


645428 


4743 


354572 


645853 


4753 


354147 


000425 


09 


999575 


f 


33 


648274 


4712 


351726 


648704 


4722 


351296 


000430 


09 


999570 


% 


34 


651102 


4682 


348898 


651537 


4691 


348463 


000436 


09 


999564 


2.1 


35 


653911 


4662 


346089 


654352 


4661 


345648 


000442 


10 


999558 


36 


656702 


4622 


343298 


657149 


4631 


342851 


000447 


10 


999553 


2i 


37 


659475 


4592 


340525 


659928 


4602 


340072 


000453 


10 


999547 


23 


38 


662230 


4563 


337770 


662689 


4573 


337311 


000459 


10 


999541 


22 


39 


664968 


4535 


335032 


665433 


4544 


334567 


000465 


10 


999535 


21 


40 

"41 


667689 


4506 
4479 


332311 


668160 


4516 
4488 


331840 


000471 


10 
10 


999529 


20 


8.670393 


11.329607 


8.670870 


11.329130 


10.000476 


9.999524 


42 


6730K0 


4451 


326920 


673563 


4461 


326437 


000482 


10 


999518 


18 


43 


675751 


4424 


324249 


676239 


4434 


323761 


000488 


10 


&9;»512 


17 


44 


678405 


4397 


321595 


678900 


4417 


321100 


000494 


10 


999506 


16 


45 


681043 


4370 


318957 


681544 


4380 


318456 


000500 


10 


999500 


15 


46 


683665 


4344 


316:^35 


684172 


4354 


315828 


000507 


10 


999493 


14 


47 


686272 


4318 


31372R 


686784 


4328 


313216 


000513 


10 


999487 


13 


48 


688863 


4292 


311137 


689381 


4303 


310619 


000519 


10 


999481 


12 


49 


691438 


4267 


308562 


691963 


4277 


308037 


000525 


10 


999475 


n 


50 
51 


693998 


4242 

42!7 


306002 


694529 


4252 
4228 


305471 


000531 


10 

11 


999469 


10 


8.696543 


11.303457 


8.697081 


1 1.302919 


10.000537 


9.999463 


52 


699073 


4192 


300927 


699617 


4203 


300383 


000544 


11 


999456 


8 


53 


701589 


4168 


298411 


702139 


4179 


297861 


000550 


11 


999450 


7 


54 


704090 


4144 


295910 


704646 


4155 


295354 


000557 


11 


999443 


6 


55 


706677 


4121 


293423 


707140 


4132 


292860 


000563 


11 


999437 


5 


56 


709049 


4097 


290951 


709618 


4108 


290382 


000569 


11 


999431 


4 


57 


711607 


4074 


288493 


712083 


4085 


287917 


000576 


11 


999424 


3 


58 


713952 


4051 


286048 


714534 


4062 


285465 


000582 


11 


999418 


2 


59 


716383 


4029 


283617 


716972 


4040 


283028 


000589 


11 


999411 


1 


60 


718800 


4006 


281200 


719396 


4017 


280604 


000596 


11 


999404 





t 


Conine 


Secant 


Gotang. 




Tang. 


Conec. 




Sine 



87 Degrees. 



TangenU and Secants, (3 D^ees.) 



M. 


1 
2 
3 
4 
5 
6 

7 

8 

9 

10 

H 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 

27 
28 
29 
30 

H 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 

43 
44 
45 
46 

47 

48 
49 
50 

7l 
52 
53 
54 
55 
56 

57 
56 
59 
60 


Sine 


D. 

4006 
3984 
3962 
3941 
3919 
3898 

3877 
3857 
3836 
3816 
3796 

3776 
3756 
3737 
3717 
3698 
3679 
3661 
3642 
3624 
3606 


Gosec 


Tang. 


D. 

4017 
3995 
3974 
3952 
3931 
3909 
3889 
3868 
3848 
3827 
3807 

3787 
3768 
3749 
3729 
3710 
3692 
3673 
3655 
3636 
3618 

3600 
3583 
3565 
3548 
3531 
3514 

3497 
3480 
8464 
3447 

3431 
3415 
3399 
8383 
3368 
3352 
3337 
3322 
3307 
3292 

3278 
3262 
3248 
3233 
3219 
3205 
3191 

3177 
3163 
3150 

3136 
3123 
3109 
3096 
3083 
3070 

3057 
3045 
3032 
3019 


Cotang. 


Secant 


D. 

11 
11 
11 
11 
11 
11 
12 
12 
12 
12 
12 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

12 
13 
13 
13 
13 
13 
13 
13 
13 
13 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

13 
14 
14 
14 
14 
14 
14 
14 
14 
14 

14 
14 
14 
14 
14 
14 
15 
15 
15 
15 


Cosine 


60 
69 
68 

57 
56 
65 
54 
63 
52 
51 
50 

49 
48 
47 

46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 

7 
6 
5 
4 
3 
2 
1 



8.718800 
721204 
723595 
726972 
728337 
730688 
733027 
735354 
737667 
739969 
742259 


11.281200 
278796 
276406 
274028 
271663 
269312 
266973 
264646 
262333 
260031 
267741 


8.719396 
721806 
724204 
726688 
728959 
731317 
733663 
736996 
738317 
740626 
742922 


11.280604 
278194 
275796 
273412 
271041 
268683 
266337 
264004 
261683 
259374 
257078 


10 000696 
000602 
000609 
000616 
000622 
000629 
000636 
000643 
000650 
000657 
000664 


9.999404 
999398 
999391 
999384 
999378 
999371 
999364 
999357 
999350 
999343 
999336 


8.744536 
746802 
749055 

751297 
753528 

756747 
767955 
760151 
762337 
764611 


11.265464 
263198 
260945 
248703 
246472 
244253 
242045 
239849 
287663 
235489 


8.745207 
747479 
749740 
751989 
754227 
756453 
758668 
760872 
763065 
765246 


11.254793 
252521 
260260 
248011 
246773 
243547 
241332 
239128 
236935 
234754 


10.000671 
00067S 
000685 
000692 
000699 
000706 
000714 
000721 
000728 
000735 


9.999329 
999322 
999315 
999308 
999301 
999294 
999286 
999279 
999272 
999265 


8.766675 
768828 
770970 
773101 
776223 
777333 
779434 
781524 
783605 
785676 


3688 
3570 
3553 
3535 
3518 
3501 
3484 
3467 
3461 
3434 

3418 
3402 
3386 
3370 
3354 
3339 
3323 
3308 
3293 
3278 


11.233325 
231172 
229030 
226899 
224777 
222667 
220566 
218476 
216395 
214326 


8.767417 
769578 
771727 
773866 
775995 
778114 
780222 
782320 
784408 
786486 


11.232583 
230422 
228273 
226134 
224005 
221886 
219778 
217680 
216592 
213514 


10.000743 
000750 
000/58 
000765 
000773 
000780 
000788 
000795 
000803 
000811 


9.999257 
999250 
999242 
999235 
999227 
999220 
999212 
999205 
999197 
9991 89 


8.787736 
789787 
791828 
793859 
795881 
797894 
799897 
801892 
803876 
805852 


11.212264 
210213 
208172 
206141 
204119 
202106 
200103 
198108 
196124 
194148 


8788664 
790613 
792662 
794701 
796731 
798762 
800763 
802765 
804758 
806742 


11.211446 
209387 
207338 
205299 
203269 
201248 
199237 
197235 
195242 
193258 


10.000819 
000826 
000834 
000842 
000850 
000858 
000866 
000874 
000882 
000890 


9.999181 
999174 
999166 
9991 S8 
999150 
999142 
999134 
999126 
999118 
999110 


8.807819 

809777 
811726 

813667 
815599 
817522 
819436 
821343 
823240 
826130 


3263 
3249 
3234 
3219 
3205 
3191 

3177 
3163 
3149 
3135 


11.192181 
190223 
188274 
186333 
184401 
182478 
180564 
178657 
176760 
174870 


«-808717 
810683 
812641 
814689 
816529 
818461 
820384 
822298 
824205 
826103 


11.191283 
189317 
187359 
185411 
18.3471 
181539 
179616 
177702 
175795 
173897 


10.000898 
000906 
000914 
000923 
000931 
000939 
000947 
000936 
000964 
000973 


9.999102 
999094 
999086 

999077 
999069 
999U61 
999063 
999044 
999036 
999027 


8.827011 
828884 
830749 
832607 
834456 
836297 
838130 
839956 
841774 
843586 


3122 
3108 
3095 
3082 
3069 
3056 
3043 
3030 
3017 
3005 


11.172989 
171116 
169251 
167393 
165544 
163703 
161870 
16(M)44 
168226 
156415 


8.827992 
829874 
831748 
833613 

835471 
837321 
839163 
840998 
842825 
844644 


11.172008 
170126 
168252 
166387 
164529 
162679 
160837 
159002 
167175 
155356 


10.000981 
000990 
000998 
001007 
001016 
001024 
001033 
001042 
001050 
001059 


9.999019 
999010 
999002 
998993 
996984 
998976 
998967 
998958 
998950 
998941 


Cosine 




Secant 


Co tang. 


Tang. 


Co8ec. 


Sine 



86 Degrees. 



(4 Decrees.) Table of Logarithmic Sines. 



M. 


Sine 


D. 

3006 


Coiec. 


Tug. 


8019 


Cotaog. 


Secant 


T5 


Cosine 


60 





8.843585 


11.156415 


8.844644 


11.155366 


10.001069 


9.998941 


1 


845387 


2992 


154613 


846455 


3007 


153545 


001068 


16 


998932 


69 


2 


847183 


2980 


152817 


848260 


2995 


151740 


001077 


15 


998^23 


58 


3 


848971 


2967 


161029 


850057 


2982 


149943 


001086 


15 


996914 


57 


4 


850751 


2955 


149249 


851846 


2970 


148154 


001095 


15 


998905 


56 


6 


852525 


2943 


147475 


853628 


2958 


146372 


001104 


15 


996896 


55 


6 


854291 


2931 


145709 


855403 


2946 


144597 


001113 


15 


998887 


54 


7 


854i049 


2919 


143951 


857171 


2935 


142829 


001122 


15 


99tt^8 


53 


8 


857801 


2908 


142199 


858932 


2923 


141068 


001131 


15 


99.S869 


58 


9 


859546 


2896 


140454 


860686 


2911 


139314 


001140 


15 


99.860 


51 


10 
11 


861283 


2884 
2873 


138717 


862433 


2900 
2888 


137567 


001149 


16 
T6 


996851 


50 
49 


8.863014 


11.136986 


8.864173 


11.135827 


10.001159 


9.99H84I 


12 


864738 


2861 


135262 


865906 


2H77 


134094 


001168 


16 


996832 


48 


13 


866455 


2850 


133545 


867632 


2866 


132368 


001177 


16 


998823 


47 


14 


868165 


2839 


131835 


869351 


2854 


130649 


001187 


16 


996813 


4(i 


15 


869868 


2828 


130132 


871064 


2843 


128936 


001196 


16 


99.i804 


45 


16 


871565 


2817 


128435 


872770 


2832 


127230 


001205 


16 


998795 


44 


17 


873255 


2R06 


126745 


874469 


2821 


125531 


001215 


16 


996/85 


43 


18 


874938 


2795 


125062 


876162 


'^811 


123838 


001224 


16 


996776 


42 


19 


876hl5 


2786 


123385 


877849 


2800 


122151 


001234 


16 


996766 


41 


20 
21 


878285 


2773 
2763 


121715 


879529 


2789 
2779 


120471 


001243 


16 
16 


998757 


40 
39 


8.879949 


11.120051 


8.881202 


11.118798 


10.001253 


9.998747 


22 


881607 


2752 


118393 


882869 


2768 


117131 


001262 


16 


998738 


38 


23 


883258 


2742 


116742 


884530 


2758 


115470 


001272 


16 


996728 


37 


24 


8H4903 


2731 


115097 


886185 


2747 


113815 


001282 


16 


998716 


31) 


25 


886542 


2721 


113458 


887833 


2737 


112167 


001292 


16 


998708 


35 


26 


888174 


2711 


111826 


889476 


2727 


110524 


001301 


16 


998699 


34 


27 


889801 


2700 


110199 


891112 


2717 


108888 


001311 


16 


998689 


33 


28 


891421 


2690 


108579 


892742 


2707 


107258 


001321 


17 


998679 


32 


29 


893035 


2680 


106965 


894366 


2697 


105634 


001331 


17 


998669 


31 


30 
31 


894643 


2670 


105357 


895984 


2687 
2677 


104016 


001341 


17 
"17 


998659 


30 


8.896246 


2660 


11.103754 


8.897596 


11.102404 


10.001351 


9.996649 


32 


897842 


2651 


102158 


899203 


2667 


100797 


001361 


17 


998639 


28 


33 


899432 


2641 


100568 


900803 


2658 


099197 


001371 


17 


998629 


27 


34 


901017 


2631 


098983 


902398 


2648 


097602 


001381 


17 


998619 


26 


35 


902596 


2622 


097404 


903987 


2638 


096013 


001391 


17 


998609 


^ 


36 


904169 


2612 


095831 


905570 


2629 


094430 


001401 


17 


998599 


84 


37 


905736 


2603 


094264 


907147 


2620 


092853 


001411 


17 


998589 


S3 


38 


907297 


2593 


092703 


908719 


2610 


091281 


001422 


17 


998578 


88 


39 


908853 


2584 


091147 


910285 


2601 


089715 


001432 


17 


998568 


21 


40 
41 


910404 


2575 
2566 


089596 


911846 


2592 
2583 


088154 


001442 


17 
T7 


998558 


20 


8.911949 


11.088051 


8.913401 


11.086599 


10.001452 


9.996548 


19 


42 


913488 


2556 


086512 


914951 


2574 


085049 


001463 


17 


998537 


IB 


43 


915022 


2547 


084978 


916495 


2565 


083505 


001473 


18 


998527 


17 


44 


916550 


2538 


083450 


918034 


2556 


081966 


001484 


18 


998516 


16 


45 


918073 


2529 


081927 


919568 


2547 


080432 


001494 


18 


998506 


15 

1 J 


46 


919591 


2520 


080409 


921096 


2538 


078904 


001505 


18 


998495 


14 


47 


921103 


2512 


078897 


922619 


2530 


077381 


001515 


18 


998485 


13 


48 


922610 


2503 


077390 


924136 


2521 


075864 


001526 


18 


998474 


12 


49 


924112 


2494 


075888 


925649 


2512 


074351 


001536 


18 


998464 


11 


50 
51 


925609 


2486 
2477 


074391 


927156 
8.928658 


2503 
2495 


072844 


001547 


18 
15 


998453 


10 


8.927100 


11.072900 


11.071342 


10.001558 


9.996442 


9 


52 


928587 


2469 


071413 


930155 


2486 


069845 


001569 


18 


998431 


8 


53 


930068 


2460 


069932 


931647 


2478 


068353 


001579 


18 


998421 


7 


54 


931544 


2452 


068456 


933134 


2470 


066866 


001590 


18 


998410 


6 


55 


933015 


2443 


066985 


934616 


2461 


065384 


001601 


18 


998399 


6 


56 


934481 


2435 


065519 


936093 


2453 


063907 


001612 


18 


998388 


4 


57 


935942 


2427 


064058 


937565 


2445 


062435 


001623 


18 


998377 


9 


58 


937398 


2419 


062602 


939032 


2437 


060968 


001634 


19 


998366 


8 


59 


938850 


2411 


061150 


940494 


2430 


059506 


001645 


18 


998355 


1 


60 


940296 


2403 


059704 


941952 


2421 


058048 


001656 


18 


998344 





-«— 


CoRine 


Secant 


Cotang. 


Tang. 


Cosec. 




Sine 


M. 



.85 Degrees. 



Tangents and SecanU, (5 Degrees.) 



M. 



1 
2 
3 
4 
6 
6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 
25 
26 

27 

28 
29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 
45 
46 

47 
48 
49 
60 

51 
52 
63 
64 
55 
56 

67 
58 
69 
60 


Sine 


D. 


Cosec. 


Tang. 


D. 

2421 
2413 
2405 

2397 
2390 
2382 
2374 
2366 
2359 
2351 
2344 

2337 
2329 
2322 
2314 
2307 
2300 
2293 
2286 
2279 
2271 

2265 
2257 
2251 
2244 
2237 
2230 
2223 

2217 
2210 
2204 

2197 
2191 
2184 
2178 
2171 
2165 
2158 
2152 
2146 
2140 

2134 
2127 
2121 
2115 
2109 
2103 

2097 
2091 
2085 
2080 

2074 
2068 
2062 
2056 
2051 
2045 
2040 
2034 
2028 
2023 


Cotang. 


Secant 


D. 

18 
19 
19 
19 
19 
19 
19 
19 
19 
19 
19 

19 
19 
19 
19 
10 
19 
19 
20 
20 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
21 
21 
21 
21 
21 
21 
21 

21 
21 
21 
21 
21 
21 
21 
21 
22 
22 

22 
22 
22 
22 
22 
22 
22 
22 
22 
22 


Cosine 


60 
59 
68 

67 
66 
66 
64 

6a 

62 
51 
60 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 
38 

37 
36 
35 
34 
33 
32 
31 
30 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
15 
14 
13 
12 
11 
10 

9 
8 

7 
6 
6 
4 

3 
2 

1 


M. 


8.940296 
941738 
943174 
944606 
946034 
947456 
948874 
950287 
951696 
953100 
954499 

8.956894 
957284 
958670 
960052 
961429 
962801 
964170 
965534 
966893 
968249 


2403 
2394 
2387 
2379 
2371 
2363 
2355 
2348 
2340 
2332 
2325 

2317 
2310 
2302 
2295 
2288 
2280 
2273 
2266 
2259 
2252 

2245 
2238 
2231 
2224 

2217 
2210 
2203 

2197 
2190 
2183 

2177 
2170 
2163 
2157 
2160 
2144 
2138 
2131 
2125 
2119 

2112 
2106 
2100 
2094 
2088 
2082 
2076 
2070 
2064 
2058 

2052 
2046 
2040 
2034 
2029 
2023 
2017 
2012 
2006 
2000 


11.069704 
058262 
056826 
055394 
053966 
052544 
051126 
049713 
048304 
046900 
045501 


8.941962 
943404 
944852 
946295 
947734 
949168 
950597 
952021 
953441 
954856 
956267 


11.058048 
056596 
055148 
053706 
052266 
050832 
049403 
047979 
046559 
045144 
043733 


10 001668 

001667 
001678 
001689 
001700 
001711 
001723 
001734 
001745 
001757 
001768 


9.998344 
998333 
998322 
998311 
998300 
998289 

998277 
998266 
998255 
998243 
998232 


11.044106 
042716 
041330 
039948 
038571 
037199 
035830 
034466 
033107 
031751 


8.967674 
959075 
960473 
961866 
963255 
964639 
966019 
967394 
968766 
970133 


11.042326 
040925 
039527 
038134 
036746 
035361 
033981 
032606 
031234 
029867 


10.001780 
001791 
001803 
001814 
001826 
001837 
001849 
001861 
001872 
001884 


9.998220 
998209 
998197 
998186 
998174 
998163 
998151 
998139 
998128 
998116 


8.969600 

970917 
97228S) 
973628 
974962 
976293 
977619 
978941 
980259 
981573 


11.030400 
029053 

027711 
026372 
025038 
023707 
022381 
021059 
019741 
018427 


8.971496 
972855 
974209 
975560 
976906 
978248 
979586 
980921 
982251 
983577 


11.028504 
027145 
025791 
024440 
023094 
021752 
020414 
019079 
017749 
016423 


10.001896 
001908 
001920 
001932 
001944 
0«a966 
001968 
001980 
001992 
002004 


9.998104 
998092 
998080 
998068 
998056 
998044 
998032 
998020 
998008 
997996 


8.982883 
984189 
985491 
986789 
988083 
989374 
990660 
991943 
993222 
994497 


11.017117 
015811 

014509 
013211 
011917 
010626 
009340 
008057 
006778 
005503 


8.984899 
986217 
987532 
988842 
990149 
991451 
992750 
994046 
995337 
996624 


11.015101 
013783 
012468 
011158 
009851 
008549 
007250 
005955 
004663 
003376 


10.002016 
002028 
002041 
002053 
002065 
002078 
002090 
002103 
002115 
002128 


9.997984 
997972 
997959 
997947 
997935 
997922 
997910 
997897 
997885 
997872 


8.995768 
997036 
998299 
999560 

9.000816 
002069 
003318 
004563 
005805 
007044 

9.008278 
009510 
010737 
011962 
013182 
014400 
015613 
016824 
018031 
019235 


11.004232 
002964 
001701 
000441 

10.999184 
997931 
9966H2 
995437 
994196 
992956 


8.997908 
999188 

9.000465 
001738 
003007 
004272 
005534 
006792 
008047 
009298 


11002092 
000812 

10.999536 
998262 
996993 
995728 
994466 
993208 
991953 
990702 


10.002140 
002153 
002165 
002178 
002191 
002203 
002216 
002229 
002242 
002255 


9.997860 
997847 
997835 
997822 
997809 
997797 
997784 
997771 
997758 
997746 


10.991722 
990490 
989263 
988038 
986818 
985600 
984387 
9R3176 
981969 
980766 


9.010546 
011790 
013031 
014268 
015502 
016732 
017969 
019183 
020403 
021620 


10.989454 
988210 
986969 
985732 
984498 
983268 
982041 
9R0817 
979597 
978380 


10.002268 
002281 
002294 
002307 
002320 
002333 
002346 
002359 
002372 
002386 


9.997732 
997719 
997706 
997693 
997680 
997667 
997654 
997641 
997628 
997614 


Cosine 


Secant 


Cotang. 




Tang. Cosec 


Sine 



84 Degrees. 



(6 D^srees.) Table of Logarithmic Sines. 



M. 


Sine 


D. 


Cowo. 


Tang. 


D. 

2023 

2017 
2011 
2006 
2001 
1995 
1990 
1986 
1979 
1974 
1969 

1964 
1958 
1953 
1948 
1943 
1938 
1933 
1928 
1923 
1918 

1913 
1908 
1903 
1898 
1893 
1889 
1884 
1879 
1874 
1870 

1865 
1860 
1855 
1851 
1846 
1842 
1837 
1833 
1828 
1824 

1819 
1815 
1810 
1806 
1802 

1797 
1793 
1789 
1784 
1780 

1776 
1772 

1767 
1763 
1759 
1755 
1751 

1747 
1743 
1738 


Cotang. 


Secant. 


D. 

22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 

23 
23 
23 
23 
23 
23 
23 
23 
23 
23 

24 
24 
24 
24 
24 
24 
24 
24 
24 
24 

24 

24 
24 
24 
24 
24 
24 
25 
25 
25 

26 
25 
25 
25 
26 
25 
25 
25 
25 
25 

25 
25 
25 
26 
25 
26 
26 
26 
26 
26 


Conae 


60 
60 
58 

57 
56 
56 
64 
53 
52 
51 
50 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

"5 

38 

87 
36 
35 
34 
33 
32 
31 
30 

"a 

26 
27 
26 
25 
24 
23 
22 
21 
20 

To 

18 

17 
16 
15 
14 
18 
12 
11 
10 

1 
8 

7 
6 

5 
4 

3 

2 

1 




1 
2 
3 

4 

1 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 
25 
26 

27 

28 
29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 
45 
46 

47 
48 
49 
50 

51 
52 
53 
54 
55 
56 

57 
58 
59 
60 


9.0192S5 
020435 
021632 
022825 
024016 
025203 
026386 
027567 
028744 
029918 
081069 


2000 

1995 

1989 

1984 

1978 

1973 

1967 

1962 

1957 

1951 

1946 

1941 
1936 
1930 
1925 
1920 
1915 
1910 
1905 
1899 
1895 

1889 
1884 
1879 
1875 
1870 
1865 
1860 
1855 
1850 
1845 

1841 
1836 
1831 
1827 
1822 
1817 
1813 
1808 
1804 
1799 

1794 
1790 
1786 
1781 
1777 
1772 
1768 
1763 
1759 
1755 

1750 
1746 
1742 
1738 
1733 
1729 
1725 
1721 

1717 
1713 


10.980765 

979565 
978368 
977175 
975984 
974797 
973614 
972433 
971256 
970062 
968911 


9.0216SO 
022834 
024044 
025261 
026456 
027666 
02B862 
030046 
031237 
032426 
033609 


10.978880 
977166 
975956 
974749 
973546 
972346 
971148 
969964 
968763 
967676 
966391 


10.002386 
002309 
002412 
002426 
002439 
002463 
002466 
002480 
002493 
002507 
002520 


9.997614 
997601 
997588 
997S74 
997561 
997547 
997534 
997520 
997507 
997493 
997480 


9 032257 
033421 
034582 
035741 
036896 
038048 
039197 
040342 
041485 
042625 


10.967743 
966579 
965418 
964259 
963104 
961952 
960803 
959658 
958515 
957375 


9.034791 
035969 
037144 
038316 
039485 
040651 
041813 
042973 
044130 
045284 


10.965209 
964031 
962856 
961684 
960516 
959349 
958187 
957027 
955870 
964716 


10.002634 
002548 
002561 
002676 
002689 
002603 
002617 
002631 
002646 
002669 


9.997466 
997452 
997439 
997425 
997411 
997397 
997383 
997369 
997355 
997341 


9.043762 
044895 
046026 
047154 
048279 
049400 
050519 
051635 
052749 
053859 


10.956238 
955105 
953974 
952846 
951721 
950600 
949481 
948365 
947251 
946141 


9.046434 
047582 
048727 
049869 
051008 
052144 
053277 
054407 
055535 
056659 


10953566 
952418 
951273 
960131 
948992 
947866 
946723 
945593 
944465 
943341 


10.002673 
002687 
002701 
002715 
002729 
002743 
002758 
002772 
002786 
002801 


9.997327 
997313 
997299 
997285 
997271 
997257 
997242 
997228 
997214 
997199 


9.054966 
056071 
057172 
058271 
059367 
060460 
061551 
062639 
063724 
064806 


10.945034 
943929 
942828 
941729 
940633 
939540 
938449 
937361 
936276 
935194 


9.057781 
058900 
060016 
061130 
062240 
063348 
064453 
065556 
066655 
067752 


10.942219 
941100 
939984 
938870 
937760 
936652 
935547 
934444 
933345 
932248 


10.002815 
002830 
002844 
002859 
002873 
002888 
002902 

002917 
002932 

092947 


9.997185 
997170 
997156 
997141 
997127 
997112 
997098 
997083 
997O68 
997053 


9.065885 
066962 
068036 
069107 
070176 
071242 
072306 
073366 
074424 
075480 


10.934115 
933038 
931964 
930893 
929824 
928758 
927694 
926634 
925576 
924520 

10.923467 
922417 
921369 
920324 
919281 
918241 
917203 
916168 
915136 
914106 


9.068846 
069938 
071027 
072113 
073197 
074278 
075356 
076432 
077606 
078576 


10.931154 
930062 
928973 

927887 
926803 
925722 
924644 
923568 
922496 
921424 


10.002961 
002976 
002991 
003006 
003021 
003036 
003051 
003066 
003081 
003096 


9.997039 
997024 
997009 
996994 
996979 
996964 
996949 
996934 
996919 
996904 


9.076533 
077583 
078631 
079676 
080719 
081759 
082797 
083832 
084864 
085894 


9.079644 
080710 
O8I773 
082833 
083891 
084947 
086000 
087050 
088098 
089144 


10.920366 
919290 
918227 
917167 
916109 
915053 
914000 
912950 
911902 
910856 


10.003111 
003126 
003142 

003157 
003172 
003188 
003203 
003218 
003234 
003249 


9.996889 
996874 
996868 
996843 
996828 
996812 

996797 
996782 
996766 
996751 


Cosine 


Secant 


Cotang. 


Tang. 


Cosec. 


Sine 



83 Degrees. 



Tangents attd Secants (7 Degrees.) 



M. 


I 
2 
3 
4 
6 
6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 
26 
26 

27 
28 
29 
30 

31 
32 
33 
34 
36 
36 

37 

38 
39 
40 

41 
42 
43 

44 
46 
46 

47 

48 
49 
60 

51 
62 
63 
64 
66 
66 

67 
68 
69 
60 


Sine 


D. 

1713 
1709 
1704 
1700 
1696 
1692 
1688 
1684 
1680 
1676 
1673 


Cosec. 


Tang. 


D 

1738 
1735 
1730 
1727 
1722 
1719 
1716 
1711 
1707 
1703 
1699 

1696 
1691 
1687 
1684 
1680 
1676 
1672 
1669 
1665 
1661 

1658 
1654 
1650 

1647 
1643 
1639 
1636 
1632 
1629 
1625 

1622 
1618 
1615 
1611 
1608 
1604 
1601 

1597 
1594 
1591 

1587 
1584 
1581 

1577 
1674 

1671 
1567 
1564 
1561 
1568 


Cotang. 


Secant 


D. 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 

27 
27 
27 
27 
27 
27 
27 
27 
27 
27 

27 
27 
27 
27 
27 
27 
27 
28 
28 
28 

28 
^8 
28 
28 
28 
28 
28 
28 
28 
28 

29 
29 
29 
29 
29 
29 
29 
29 
29 
29 

29 
29 
29 
29 
29 
29 
29 
29 
29 
30 


Cosine 


60 
69 
68 

67 
66 
66 
64 
63 
62 
61 
60 

49 
48 

47 
46 
46 
44 
43 
42 
41 
40 

39 
38 

37 
36 
36 
34 
33 
32 
31 
30 

29 
28 

27 

26 
25 
24 
23 
22 
21 
20 

19 
18 

17 
16 
15 
14 
13 
12 
11 
10 

9 
8 

7 
6 
6 
4 
3 
2 
1 


M. 


9.086894 
086922 

087947 
088970 
089990 
091008 
092024 
093037 
094047 
095056 
096062 


10.914106 
913078 
912053 
911030 
910010 
908992 
907976 
906963 
905963 
904944 
903938 


9.089144 
090187 
091228 
092266 
093302 
094336 
096367 
096396 
097422 
098446 
099468 


10.910866 
909813 
908772 
907734 
906698 
905664 
904633 
903606 
902578 
901554 
900532 


10.003249 
003265 
003280 
003296 
003312 
003327 
003343 
00335» 
003376 
003390 
003406 


9.996761 
996786 
996720 
996704 
996688 
996673 
996657 
996641 
996625 
996610 
996594 


9.097065 
098066 
09906^ 
100062 
101056 
102048 
103037 
104026 
106010 
105992 


1668 
1665 
1661 

1657 
1653 
1649 
1645 
1642 
1638 
1634 

1630 
1627 
1623 
1619 
1616 
1612 
1608 
1605 
1601 
1697 


10.902936 
901934 
900936 
899938 
898944 
897952 
896963 
895975 
894990 
894008 


9100487 
101504 
102519 
103532 
104542 
105650 
106656 
107559 
108660 
109659 


10899613 
898496 
897481 
896468 
895458 
894450 
893444 
892441 
891440 
890441 


10.003422 
003438 
003454 
003470 
003486 
003502 
003518 
003536 
003551 
003567 


9996578 
996662 
996546 
996530 
996514 
996498 
996482 
996466 
996449 
996433 


9.106973 
107961 
108927 
109901 
110873 
111842 
112809 
113774 
114737 
115698 


10.893027 
892049 
891073 
890099 
889127 
888168 
887191 
886226 
885263 
884302 


9.110666 
111551 
112643 
113533 
114621 
116607 
116491 
117472 
118452 
119429 


10.889444 
888449 
887457 
886467 
885479 
884493 
883609 
882528 
881548 
880571 


10.003583 
003600 
003616 
003632 
003649 
0'>3665 
003682 
003698 
003716 
003731 


9.996417 
996400 
996384 
996368 
996351 
996336 
996318 
996302 
996286 
996269 


9.116666 
117613 
118567 
119519 
120469 
121417 
122362 
123306 
124248 
126187 


1694 
1690 
1687 
1683 
1680 
1676 
1673 
1669 
1666 
1662 

1669 
1556 
1662 
1649 
1646 
1542 
1539 
1635 
1532 
1629 

1525 
1522 
1519 
1516 
1612 
1609 
1506 
1503 
1600 
1496 


10.883344 
882387 
881433 
880481 
879531 
878583 
877638 
876694 
875752 
874813 


9120404 

121377 
122348 

123317 
124284 
125249 
126211 
127172 
128130 
129087 


10.879596 
878623 
877662 
876683 
876716 
874761 
873789 
872828 
871870 
870913 


10.003748 
003765 
003781 
003798 
003815 
003832 
003849 
003866 
003883 
003900 


9.996252 
996235 
996219 
996202 
996185 
996168 
996151 
996134 
996117 
996100 


9.126126 
127060 
127993 
128926 
129864 
130781 
13 J 706 
132630 
133551 
134470 


10.873876 
872940 
872007 
871076 
870146 
869219 
868294 
867370 
866449 
865530 


9 130041 
130994 
131941 
132893 
133839 
134784 
136726 
136667 
137605 
138542 


10.869959 
869006 
868056 
867107 
866161 
865216 
864274 
863333 
862396 
861458 


10.003917 
003934 
003951 
003968 
003985 
004002 
004020 
004037 
004054 
004072 


9 996083 
996066 
996049 
996032 
996016 
996998 
995980 
995963 
996946 
996928 


9.136387 
136303 
137216 
138128 
139037 
139944 
140850 
141754 
142665 
143666 


10.864613 
863697 
862784 
861872 
860963 
860056 
859150 
858246 
867346 
866446 


9.139476 
140409 
141340 
142269 
143196 
144121 
145044 
145966 
146K85 
147803 


1556 
1561 
1648 
1546 
1543 
1539 
1535 
1532 
1529 
1526 


10.860624 
869591 
858660 
867731 
856804 
866879 
864956 
854034 
853115 
852197 


10.004069 
004106 
004124 
004141 
004159 

004177 
004194 
004212 
004229 
004247 


9 996911 
996894 
996876 
996869 
995841 
996823 
995806 
996788 

996771 
996753 


Cosine 


Secant 


Cotang. 


Tang. 


Cosec. 


Sine 



82 Degrees. 



(8 DegreeB.) Tabic of LogarMmie Simet. 



M. 


8lM 


D. 


Cmk:. 


T«.g. 


D. 


Cfltang. 


Secaot 


T 


CoiiMi 







9 43555 


1496 


10.BA644B 


9 147803 


~iB6 


10852197 


10.'-04e47 


90 


9.99576S' « 




I 




1403 


B55547 


148718 


1623 


851282 


004365 


30 






2 


4A34S 


1490 


B5465I 


149632 


1520 


860368 


004283 


SO 






3 


46243 


1487 


863767 


160644 


1817 




004301 


30 






4 


47I3A 


1484 


852864 


161454 


1614 


848546 


004319 


30 


995681 U 




S 


48026 


1481 


B51974 


162363 


1511 


847637 


004336 


30 


996664 hi 




« 


48915 


1478 


851086 


163269 


1508 


646731 


004364 


30 


995G46 






7 


41>802 


1475 


860198 


164174 




646826 


004372 


30 


999638 








50686 


1472 


849314 


155077 


1602 


844923 


004390 


30 


99661S 








151569 


1469 


848431 


166978 


1409 


841022 


004409 


30 


995691 


91 




10 


16S451 
9.158S30 


1466 
1462 


847649 


15f»77 


U96 
1«3 


843123 
10 842226 


004427 


30 
30 


995B73 






10,816670 


9.167776 


10 004446 


9.995556 




12 


154208 


1460 


845792 


1*8671 


1490 


841329 


004463 


30 


095537 


4S 




13 


155003 


1457 


844917 


169665 


1487 


040435 


P04481 


30 


996619 


47 




U 


155957 


1454 


844043 


160457 


1484 


839543 


004499 


31 


996601 


tf 




IS 


166830 


1451 


84317U 


161347 


1481 


838653 


004518 


31 


995482 


« 




16 


167700 


1448 


B42300 


162236 


147H 


837764 


0M536 


31 


995464 


U 




17 


168669 


1445 


S41431 


163123 




836877 


0W554 


11 


996446 


41 




18 


1594S5 


1442 


340565 


164008 




836992 


004573 


31 


996437 


42 




19 


160301 


1439 


B39699 


164892 




835108 


004591 


31 


99640 


41 




10 

1i 


161164 


1436 


S38836 


165774 


1467 


S34226 


004610 


31 


996390 


4* 

9 




9.162025 


1433 


10 837975 


9.166664 


1464 


10.833346 


10.004628 


9.995379 




23 


162885 


1430 


837116 


187532 


1461 


832468 


0M647 


31 


995353 


» 




23 


163743 


1427 


836267 


168409 


1468 


831691 


0»466« 


SI 


0963S4 


X 






164600 


1424 


835400 


189284 


1466 


830716 


004684 


S 


995316 


s 




26 


166464 


1422 


834546 


170167 


1463 


829843 


0H70S 


31 




u 




36 


166307 


1419 


833693 


17102}) 


1450 


828971 


0W732 


SI 


996271 


H 




27 


I6715» 


1416 


B32B41 


171899 


447 


828101 


004740 


3 


995360 


» 




as 


168<I08 


1413 


831992 


172767 


444 


827233 


004759 


32 


996241 


» 




29 


168856 


1410 


B3I144 


173634 


442 


826366 


004778 


32 


996223 


31 




30 
31 


168702 


1407 
1406 


830298 
10 829463 


174499 


439 
1436 


826501 


004797 
10.004816 


33 
~32 


996203 






9.170M7 


9 175362 


10.824638 


9.996184 




32 


1713119 


1402 


838611 


176224 


1433 


833776 


004835 


32 


996165 


28 




33 


1722.10 


1399 


827770 


177084 


1431 


822916 


004864 


32 


996146 


17 




34 


173070 


1306 


826930 


177942 


1428 


823068 


004873 


32 


995127 


» 




3S 


173908 


1394 


826092 


178799 


1425 


821201 


0O4S92 


32 


995106 


» 




36 


174744 


1391 


826256 


179655 


1423 


820315 


004011 


82 


995089 


» 




37 


176878 


1388 


824422 


1B0508 


1420 


819492 


004030 


33 


995070 


9 




as 


17»ll 


1386 


823589 


181360 


1417 


818640 


004949 


39 


995061 


J* 




39 


177242 


138.1 


822758 


182211 


1415 


817789 


004968 


32 


99S033 


s 




46 


178072 


1380 

Ts7; 


621928 


183059 


1412 
1409 


816941 


OW9S7 


32 
33 


995013 


Is 




9 78900 


10.821100 


9.183907 


10 816093 


1*006007 


9.994093 




42 


79726 


1374 


820274 


184763 


1407 


8 5248 




33 


994974 


It 




43 


enssi 


1372 


819449 


166597 


1404 


8 4403 


Ol>6045 


32 


9B4955 


17 




44 


81374 


1369 


818626 


1B6439 


1402 


8 3561 


005066 


32 




16 




46 


82196 


1367 


817804 


187280 


1399 


63720 


005084 


33 


9949111 


li 




46 


83016 


1364 


816984 


188120 


1396 


8 1880 


006104 


33 


994896 


U 




47 


83S34 


1361 


816166 


188968 


1393 


8 1042 


006123 


33 


994877 


13 




48 


184661 


1359 


816349 


189794 


1391 


B 0206 


005143 


33 


994867 


li 




49 


85466 


1356 


814534 


190629 


13H9 


809371 


005162 


33 


994838 


1 




SO 

el 


186380 


1353 
1351 


813720 


191462 


1386 
1384 


808538 


005182 
10.0052m 


33 


994819 


i« 




9.187092 


10.81290B 


9.192294 


IO.BO77O6 


i.;il'l798 




A2 


87903 


1348 


812097 


93124 


1381 


806876 


005221 


33 


1MU779 


i 




53 


88712 


1346 


811288 


93963 


379 


806047 


005241 


33 


W 14769 


1 




54 


89619 


1343 


810481 


947B0 


376 


805220 


006261 


33 


!i: 14739 


5 




65 


90325 


1341 


809676 


95606 


374 


804394 


006281 


33 


9UJ719 


i 




96 


91130 


13.18 


808870 


196430 


371 


803870 


006300 


33 


9IM700 






57 


91933 


)336 


808067 


197243 


369 


802747 


006330 


33 


ayiaso 


; 




68 


92734 


1333 


807266 


198074 


366 


801926 


006340 


33 


994660 


: 




59 


93634 


1330 


806466 


198804 


364 


801106 


006360 


33 








80 


94332 


1838 


-gL'gg 


199713 


361 


800287 


005380 


33 


994630 


i 






CoiinB 




Sm-bde 


Cotang. 




T-ng. 


Ccpc 




Sine 


jT 





Tangentt and Secantt, (9 Degrees.) 



M. 


1 
2 
3 
4 
5 
6 

7 

8 

9 

10 

IT 
12 
13 
14 
15 
16 

17 
18 
19 
20 

22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 

42 
43 
44 
46 
46 

47 

48 
49 
50 

51 
52 
63 
64 
66 
66 

67 
68 
69 
60 


Sice 


D. 

1328 
1326 
1324 
1321 
1318 
1316 
1313 
1311 
1308 
1306 
1304 

1301 
1299 
1296 
1294 
1292 
1289 
1287 
1285 
1282 
1280 

1278 
1275 
1273 
1271 
1268 
1266 
1264 
1261 
1259 
1257 

1255 
1253 
1250 
1248 
1246 
1244 
1242 
1239 
1237 
1235 

1233 
1231 
1228 
1226 
1224 
1222 
1220 
1218 
1216 
1214 

1212 
1209 
1207 
1205 
1203 
1201 
1199 

1197 
1195 
1193 


Cosec. 


Tang. 


1361 
1359 
1856 
1354 
1352 
1349 
1347 
1345 
1342 
1340 
1338 

1335 
1333 
1331 
1328 
1326 
1324 
1321 
1319 
1317 
1315 

1312 
1310 
1308 
1305 
1303 
1301 
1299 
1297 
1294 
12^92 

1290 
1288 
1286 
1284 
1281 
1279 

1277 
1275 
1273 
1271 


Cotang. 


Seciint 


D. 

33 
33 
33 
34 
34 
34 
34 
34 
34 
34 
34 

34 
34 
34 
34 
34 
34 
35 
35 
35 
35 

35 
35 
35 
35 
35 
35 
35 
35 
35 
35 

35 
35 
35 
35 
36 
36 
36 
36 
36 
36 

36 
36 
36 
36 
36 
36 
36 
36 
37 
37 

"37 
37 
37 
37 
37 
37 
37 
87 
37 
37 


Cosine 




9.194332 
195129 
195925 
196719 
19751 1 
198302 
199091 
199879 
200666 
201451 
202234 


10.805568 
804871 
804075 
803281 
802489 
801698 
800909 
80012) 
799334 
798549 
797766 


9.199713 
200529 
201345 
202159 
202971 
203782 
204592 
205400 
206207 
207013 
207817 


10.800287 
799471 
798655 
797841 
797029 
796218 
795408 
794600 
793793 
792987 
792183 


10.005380 
005400 
005420 
005440 
005460 
005491 
005501 
005521 
005541 
005562 
005582 


9.9U4620 
994600 
994580 
994560 
994540 
994519 
994499 
994479 
994459 
994438 
994418 


60 
59 
58 

67 
66 
55 
54 
53 
52 
51 
50 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 
38 

37 
36 
35 
34 
33 
32 
31 
30 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

19 
18 

17 
16 
15 
14 
13 
12 
11 
10 

9 
8 

7 
6 
6 
4 
3 
2 
1 


M. 


9.203017 
203797 
204577 
205364 
206131 
206906 
207679 
208452 
209222 
209992 


10.796983 
796203 
795423 
794646 
793869 
793994 
792321 
791548 
790778 
790006 


9.208619 
209420 
210220 
211018 
211815 
212611 
213405 
214198 
214989 
215780 


10.791381 
790580 
789780 
788982 
788185 
787389 
786595 
785802 
785011 
784220 


10.005603 
005623 
005643 
005664 
005684 
005705 
005726 
005746 

005767 
005788 


9.994397 
994377 
994357 
994336 
994316 
994295 
994274 
994254 
994233 
994212 


9.210760 
211526 
212291 
213055 
213818 
214579 
216338 
216097 
216854 
217609 


10.789240 
788474 
787709 
786945 
786182 
785421 
784662 
783903 
783146 
782391 


9.216568 
217356 
218142 
218926 
219710 
220492 
221272 
222052 
222830 
223606 


10.783432 
782644 
781858 
781074 
780290 
779508 
778728 
777948 
777170 
776394 


10.005809 
005829 
005850 
005871 
005892 
005913 
005934 
005955 
005976 
006997 


9.994191 
994171 

994150 
994129 
994108 
994087 
994066 
994045 
994024 
994003 


9218363 
219116 
219868 
220618 
221367 
222115 
222861 
223606 
224349 
225092 


10.781637 
780884 
780132 
789382 
778633 
777885 
777139 
776394 
775651 
774908 


9.224382 
225156 
225929 
226700 
227471 
228239 
229007 
229773 
230530 
231302 


10.775618 
774844 
774071 
773300 
772529 
771761 
770993 
770227 
769461 
768698 


10.006019 
006040 
006061 
006082 
006104 
006125 
006146 
006168 
006189 
006211 


9.993981 
993960 
993939 
993918 
993896 
993875 
993854 
993832 
993811 
993789 


9.225833 
226573 
227311 
228048 
228784 
229518 
230252 
230984 
231714 
232444 


10.774167 
773427 
772689 
771952 
771216 
770482 
769748 
769016 
768286 
767556 


9.232065 
232826 
233586 
234345 
235103 
236859 
236614 
237368 
238120 
238872 


1269 
1267 
1265 
1262 
1260 
1258 
1256 
1254 
1252 
1250 

1248 
1246 
1244 
1242 
1240 
1238 
1236 
1234 
1232 
1230 


10.767935 
767174 
766414 
765655 

764897 
764141 
763386 
762632 
761880 
761128 


10.006232 
006254 
006276 

006297 
006319 
006340 
006362 
006384 
006406 
006428 


9.993768 
993746 
993725 
993703 
993681 
993660 
993638 
993610 
993594 
993572 


9.233172 
233899 
234625 
235349 
236073 
236795 
237515 
238235 
238953 
239670 


10.766828 
766101 
765375 
764651 
763927 
763205 
762486 
761765 
761047 
760330 


9.239622 
240371 
241118 
241865 
242610 
243354 
244097 
244839 
245579 
246319 


10.760378 
759629 
758882 
758135 
757390 
756646 
755903 
755161 
754421 
753681 


10.006450 
006472 
006494 
006516 
006538 
006560 
006582 
006604 
006626 
006649 


9.993550 
993528 
993506 
993484 
993462 
993440 
993418 
993396 
993374 
993351 


• 


Cosine 


Secant 


Cotang. 


Tang. 


Cosec. 




Sine 


















1 


aODegre 


es. 



(10 Degrees.) Table of Logarithmic Smes, 



M. 




8tne 


1193 


(Joiiec. 


Tang. 


D. 


Cotang. 


Seeant 


D. 


Goune 


9239670 


10.760330 


9.246319 


1230 


10.763681 


10.006649 


37 


9.993851 80 


1 


240386 


1191 


76<)614 


247057 


1228 


762943 


006671 


37 


993329 ^ 


2 


241101 


1189 


758899 


247794 


1226 


762206 


006693 


37 


993307 ^ 


8 


241814 


1187 


758186 


248630 


1224 


751470 


006716 


37 


993286 W 


4 


242526 


1185 


767474 


249264 


1222 


760736 


006738 


37 


993262 ^ 


6 


343237 


1183 


766763 


249998 


1220 


760002 


006760 


37 


993240 ^ 


6 


243947 


1181 


75(m3 


250730 


1218 


749270 


006783 


38 


993217 *1 


7 


344656 


1179 


755344 


261461 


1217 


748539 


006806 


88 


993195 53 


8 


345363 


1177 


764637 


262191 


1216 


747809 


006828 


38 


993172 52 


9 


246069 


1175 


753931 


262920 


1213 


747080 


006861 


38 


993149 51 


10 
11 


246775 


1173 
1171 


753225 


263648 


1211 
1209 


746362 


006873 


38 
38 


993127 50 


9.247478 


10.752622 


9.254374 


10.745626 


10.006896 


9.993104 49 


12 


248181 


1169 


761819 


256100 


1207 


744900 


006919 


38 


993081 48 


IS 


248883 


1167 


751117 


255824 


1205 


744176 


006941 


38 


993059 47 


14 


249583 


1165 


750417 


256547 


1203 


743453 


006964 


38 


993036 4« 


16 


2502B2 


1163 


749718 


257269 


1201 


742731 


006987 


38 


993013 4d 


16 


250980 


1161 


749020 


257990 


1200 


742010 


007010 


38 


992900 44 


17 


251677 


1159 


748323 


268710 


1198 


741290 


007033 


38 


992967 43 


18 


252373 


1168 


747627 


269429 


1196 


740571 


007056 


38 


992944 42 


19 


253067 


1156 


746933 


260146 


1194 


739854 


007079 


38 


992921 41 


20 
21 


253761 


1154 
1152 


746239 


260863 


1192 
1190 


739137 


007102 


38 
38 


992898 40 


9.254453 


10.745647 


9.261578 


10.738422 


10.007126 


9.992875 39 


22 


255144 


1150 


744856 


2622il2 


1189 


7377O8 


007148 


38 


992852 38 


28 


255834 


1148 


744166 


263005 


1187 


736995 


007171 


39 


992829 37 


24 


256523 


1146 


743477 


26J717 


1185 


736283 


007194 


39 


992806 36 


25 


257211 


1144 


742789 


264428 


1183 


736572 


007217 


39 


992783 35 


26 


257898 


1142 


742102 


265138 


118] 


734862 


007241 


39 


992759 34 


27 


258583 


1141 


741417 


265847 


1179 


734153 


007264 


39 


992786 33 


28 


2/19268 


1139 


740732 


266555 


1178 


733446 


007287 


39 


992713 32 


29 


259951 


1137 


740049 


267261 


1176 


732739 


007310 


39 


992690 31 


30 
31 


260633 


1135 
1133 


739367 


207967 


1174 
1172 


732033 


007334 


89 
39 


992666 30 


9.261314 


10.738686 


9.268671 


10.731329 


10007357 


9.992643 29 


32 


261994 


1131 


738006 


269376 


1170 


730625 


007381 


39 


992619 ^ 


33 


262673 


1130 


737327 


270077 


1169 


729923 


007404 


39 


992596 27 


34 


263351 


1128 


736649 


270779 


1167 


729221 


007428 


39 


992672 26 


35 


264027 


1126 


736973 


271479 


1165 


728521 


007461 


39 


992549 2d 


36 


264703 


1124 


736297 


272178 


1164 


727822 


007475 


39 


992525 24 


37 


265377 


1122 


734623 


272876 


1162 


727124 


007499 


39 


992501 23 


38 


266051 


1120 


733949 


273573 


1160 


726427 


007522 


40 


992478 22 


39 


266723 


1119 


733277 


274269 


1168 


726731 


007646 


40 


992454 21 


40 
41 


267395 


1117 
1116 


732606 


274964 


1157 
1165 


725036 


007570 


40 

40 


992430 20 


9.268065 


10.731935 


9.275658 


10.724342 


10.007594 


9.992406 19 


42 


268734 


1113 


731266 


276351 


1153 


723649 


007618 


40 


992382 18 


43 


269402 


nil 


730598 


277043 


1161 


722957 


007641 


40 


992359 17 


44 


270069 


1110 


729931 


277734 


1160 


722266 


007666 


40 


992335 I(i 


45 


270735 


1108 


729266 


278424 


1148 


721576 


007689 


40 


992311 15 


46 


271400 


1106 


728600 


279113 


1147 


720887 


007713 


40 


992287 14 


47 


272064 


1105 


727936 


279801 


1145 


720199 


007737 


40 


992263 13 


48 


272726 


1103 


727274 


280488 


1143 


719512 


007761 


40 


992239 12 


49 


273388 


1101 


726612 


281 174 


1141 


718826 


007786 


40 


992214 11 


50 
51 


274049 


1099 
1098 


725951 


281858 


1140 
1138 


718142 


007810 


40 
40 


992190 10 


9.2747O8 


10.725292 


9.282542 


10.717458 


10 007834 


9.992166 9 


52 


275367 


1096 


724633 


283225 


1136 


716776 


007858 


40 


992142 8 


53 


276024 


1094 


723978 


283907 


1135 


716093 


007883 


41 


992117 7 


54 


276681 


1092 


723319 


284688 


1133 


716412 


007907 


41 


992093 6 


55 


277337 


1091 


722663 


285268 


1131 


714732 


007931 


41 


992069 5 


56 


277991 


1089 


722009 


285947 


1130 


714053 


007966 


41 


992044 4 


57 


278644 


1087 


721356 


286624 


1128 


713376 


007980 


41 


992020 3 


58 


279297 


1086 


720703 


287301 


1126 


712699 


008004 


41 


991996 2 


59 


279948 


1084 


720052 


287977 


1125 


712023 


808029 


41 


991971 1 


60 


280599 


1082 


719401 


288652 


1123 


711348 


008053 


41 


991947 


Cosine 


Secant 


Cotang. 




Tang. 


Cosec. 




Sine M. 



79 Degrees. 



TangentM and Secants, (11 Degrees.) 



M. 


1 
2 
3 
4 
5 
6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 
26 
26 

27 

28 
29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 
45 
46 

47 
48 
49 
50 

51 
52 
53 
54 
66 
66 

67 
58 
59 
60 


Sine 


D. 

1082 
1081 
1079 
1077 
1076 
1074 
1072 
1071 
1069 
1067 
1066 

1064 
1063 
1061 
1059 
1058 
1056 
1054 
1053 
1051 
1050 

1048 
1046 
1045 
1043 
1042 
1040 
1039 
1037 
1036 
1034 

1032 
1031 
1029 
1028 
1026 
1025 
1023 
1022 
1020 
1019 

1017 
1016 
1014 
1013 
1011 
1010 
1008 
10O7 
1005 
1004 

1003 

1001 

1000 

998 

997 
996 
994 
993 
991 
990 


Cosec. 


Tang. 


D. 

1123 
1122 
1120 
1118 
1117 
1115 
1114 
1112 
1111 
1109 
1107 

1106 
1104 
1103 
1101 
1100 
1098 
1096 
1095 
1093 
1092 

1090 
1089 
1087 
1086 
1084 
1083 
1081 
1080 
1078 
1077 

1075 
1074 
1073 
1071 
1070 
1068 
1067 
1065 
1064 
1062 

1061 
1060 
1058 
1057 
1055 
1054 
1053 
1051 
1050 
1048 

1047 
1045 
1044 
1043 
1041 
1040 
1039 
1037 
1036 
1035 


Cotang. 


Secant 


D. 

41 
41 
41 
41 
41 
41 
41 
42 
42 
42 
42 

42 
42 
42 
42 
42 
42 
42 
42 
42 
42 

42 
42 
43 
43 
43 
43 
43 
43 
43 
43 

43 
43 
43 
43 
43 
43 
43 
43 
43 
44 

44 
44 
44 
44 
44 
44 
44 
44 
44 
44 

44 
44 
44 
44 
44 
45 
45 
45 
45 
45 


Cosine 


60 
69 
68 

67 
66 
65 
64 
63 
52 
51 
60 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 

38 

37 
36 
35 
34 
33 
32 
31 
30 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

19 
18 

17 
16 
15 
14 
13 
12 
11 
10 

9 
8 

7 
6 
5 
4 
3 
2 
1 


F. 


9.280599 
281248 

281897 
282644 
283190 
2S3830 
284480 
285124 
285766 
28640 \ 
287048 


10.719401 
718752 
718103 
717456 
716810 
716164 
715520 
714876 
714234 
713592 
712952 


9.288662 
289326 
289999 
290671 
291342 
292013 
292682 
293350 

294017 
294684 
295349 


10.711348 
710674 
710001 
709329 
708658 
707987 
707318 
706650 
705983 
706316 
704651 


10.008053 
008078 
008103 
008127 
008152 

008177 
008201 
008226 
008251 
008276 
008301 


9.991947 
991922 
991897 
991873 
991848 
991823 
991799 
991774 
991749 
991724 
991699 


9.287687 
288326 
288964 
289600 
290236 
290870 
291504 
292137 
292768 
293399 


10.712313 
711674 
711036 
710400 
709764 
709130 
708496 
707863 
707232 
706601 


9.296013 

296677 
297339 
298001 
298662 
299322 
299980 
300638 
301295 
301951 


10.703987 
703323 
702661 
701999 
701338 
700678 
700020 
699362 
698705 
698049 


10.008326 
008351 
008376 
008401 
008426 
008451 
008476 
008502 
008527 
008552 


9991674 
991649 
991624 
991599 
991574 
991549 
991524 
991498 
991473 
991448 


9.294029 
294658 
295286 
295913 
296539 
297164 
297788 
298412 
299034 
299655 


10.705971 
705342 
704714 
704087 
703461 
702836 
702212 
701588 
700966 
700345 


9.302607 
303261 
303914 
304567 
305218 
305869 
306519 
307168 
307815 
308463 


10.697393 
696739 
696086 
695433 
694782 
694131 
693481 
692832 
692185 
691537 


10.008578 
008603 
008628 
008654 
008679 
008705 
008730 
008756 
008782 
008807 


9.991422 
991397 
991372 
991346 
991321 
991295 
991270 
991244 
991218 
991193 


9.300276 
300895 
301514 
302132 
302748 
303364 
303979 
304593 
305207 
305819 


10.699724 
699105 
698486 
697868 
697252 
696636 
696021 
695407 
694793 
694181 


9.309103 
309754 
310398 
311042 
311685 
312327 
312967 
313608 
314247 
314885 


10.690891 
690246 
689602 
688958 
688315 
687673 
687033 
686392 
685763 
685116 


10.008833 
008859 
008885 
008910 
008936 
008962 
008988 
009014 
009040 
009066 


9991167 
991141 
991115 
991090 
991064 
991038 
991012 
990986 
990960 
990934 


9.306430 
307041 
307650 
308259 
308867 
309474 
310080 
310685 
311289 
311893 


10.693570 
692959 
692350 
691741 
691133 
690526 
689920 
689315 
688711 
688107 


9.315523 
316159 
316796 
317430 
318064 

318697 
319329 
319961 
320592 
321222 


10.684477 
683841 
683206 
682570 
681936 
681303 
680671 
680039 
679408 
678778 


10.009092 
009118 
009145 
009171 
009197 
009223 
009250 
009276 
009303 
009329 


9990908 
990882 
990855 
990829 
990803 

990777 
990750 
990724 
990697 
990671 


9.312495 
313097 
313698 
314297 
314897 
315495 
316092 
316689 
317284 
317879 


10.687505 
686903 
686302 
685703 
685104 
684506 
683908 
683311 
682716 
682121 


9.321851 
322479 
323106 
323733 
324358 
324983 
325607 
326231 
326853 
327476 


10.678149 
677521 
676894 
676267 
676642 
676017 
674393 
673769 
673147 
672625 


10.009356 
009382 
009409 
009435 
009462 
009489 
009516 
009642 
009569 
009596 


9.990644 
990618 
if9i)59l 
990565 
990538 
99051 1 
990485 
990458 
990431 
990404 


Cosine 


Secant 


Cotang. 


Tang. 


Cosec. 


Sine 



78 Degrees.- 



(12 Degrees.) Table of Logarithmic iSfnei. 



M. 



Sine 


U. 


Cosec. 


Tang. 


D. 
1036 


Cotang. 


Secant 


D. 

46 


Cosine 


^ 


9.317879 


990 


10.682121 


9327474 


10.672526 


10.009696 


9990404 


60 

en 


1 


318473 


988 


681527 


328096 


1033 


671906 


009622 


46 


990378 


a9 
58 

57 

56 


2 


319066 


987 


680934 


826716 


1032 


671285 


009649 


46 


990351 


3 


319656 


986 


6B0342 


329334 


1030 


670666 


009676 


46 


990324 


4 


320249 


964 


679751 


329953 


1029 


670047 


009703 


45 


990297 


5 


320840 


983 


679160 


330570 


1028 


669430 


009730 


45 


990270 


55 
54 
53 


6 


321430 


982 


678570 


331187 


1026 


666813 


009757 


46 


990243 


7 


322019 


980 


677961 


831803 


1025 


668197 


009786 


46 


990215 


8 


322607 


079 


677303 


332418 


1024 


667582 


009812 


46 


9U0188 


5S 
51 


9 


323194 


977 


676806 


333033 


1023 


666967 


009839 


46 


990161 


10 
11 


323780 


976 


676220 


333646 


1021 
1020 


666354 


009866 


46 
46 


990134 


50 


9.324366 


975 


10.675634 


9.834269 


10.665741 


10.009893 


9.990107 


12 


3249^0 


973 


675050 


334871 


1019 


665129 


009921 


46 


990079 


48 


13 


325534 


972 


674466 


335482 


1017 


664518 


009948 


46 


990052 


47 

At* 


14 


326117 


970 


673883 


336093 


1016 


663907 


009975 


46 


990025 


4o 


15 


326700 


969 


673300 


336702 


1015 


663298 


010003 


46 


989997 


45 

A 1 


16 


327281 


968 


672719 


337311 


1013 


662669 


010030 


46 


989970 


44 


17 


327862 


966 


672138 


337919 


1012 


662081 


010058 


46 


989942 


43 


18 


328442 


965 


671556 


338527 


1011 


661473 


010085 


46 


989915 


42 
41 


19 


329021 


964 


670979 


339133 


1010 


660867 


010113 


46 


989887 


20 
21 


329599 


962 


670401 


339739 


1008 
10O7 


6C0261 


010140 


46 
46 


989660 


40 

Tg 

38 
37 


9.330176 


961 


10.669824 


9.340344 


10.659656 


10.010168 


9.989832 


22 


330753 


9fK) 


669247 


340948 


1006 


651*052 


010196 


46 


989804 


23 


331329 


958 


668671 


341552 


1004 


658448 


010223 


46 


989777 


24 


331903 


957 


661^097 


342155 


1003 


657845 


010251 


47 


989749 


oh 

Op 


25 


33247H 


956 


667522 


342757 


1O02 


657243 


010279 


47 


989721 


35 
34 


26 


333051 


954 


666949 


343358 


1000 


656642 


010307 


47 


9C9693 


27 


333624 


953 


666376 


343958 


999 


656042 


010335 


47 


989666 


o3 
32 


28 


334195 


952 


665805 


344558 


998 


655442 


010363 


47 


969637 


29 


334766 


950 


665234 


345157 


997 


654843 


010291 


47 


989609 


31 
30 

29 

no 


30 
31 


335337 
9 335906 


949 
948 


6(>4663 


345755 


996 
994 


654245 


010416 


47 
47 


988582 
9.989653 


10.664094 


9.346353 


10.653647 


10.010447 


32 


336475 


946 


663525 


346949 


993 


653051 


010475 


47 


989525 


2o 
27 


33 


337043 


945 


662957 


347545 


992 


652455 


010503 


47 


989497 


34 


337610 


944 


662390 


348141 


991 


651859 


010631 


47 


989469 


26 

nt 


35 


338176 


943 


661624 


348735 


990 


651265 


010559 


47 


969441 


25 


36 


333742 


941 


661258 


349329 


988 


650671 


010587 


47 


969413 


24 
23 


37 


339306 


940 


660694 


349922 


987 


650078 


010616 


47 


989384 


38 


339871 


939 


660129 


350514 


986 


649466 


010644 


47 


989366 


22 


39 


340434 


937 


659566 


351106 


985 


648894 


010672 


47 


989328 


21 

tin 


40 
41 


340996 


936 


659004 


351697 
9 352287 


983 
982 


648303 


010700 


47 
47 


989300 


20 

I9 
18 

17 
16 
15 
14 
13 

12 

1 1 


9.341558 


935 


10.656442 


10.647713 


10.010729 


9.989271 


42 


342119 


934 


557881 


352876 


981 


647124 


010767 


47 


989243 


43 


342679 


932 


657321 


353465 


980 


646535 


010786 


47 


989214 


44 


343239 


931 


656761 


354053 


979 


645947 


010814 


47 


989166 


45 


343797 


930 


656203 


354640 


977 


645360 


010843 


47 


969157 


46 


344355 


929 


655645 


355227 


976 


644773 


010872 


48 


989128 


47 


344912 


927 


655088 


355813 


975 


644187 


010900 


48 


989100 


48 


345469 


926 


654531 


356398 


974 


643602 


010929 


48 


989071 


49 


346024 


925 


653976 


356982 


973 


643018 


010958 


48 


989042 


11 


50 
61 


346579 


924 
922 


653421 


357566 


971 
970 


642434 


010986 


48 
48 


989014 


10 

"9 
6 

7 

<• 


9 347134 


10.652866 


9.368149 


10.641851 


10.01 1016 


9.988985 


52 


347687 


921 


652313 


358731 


969 


641269 


011044 


48 


988956 


53 


348240 


920 


651760 


359313 


968 


640687 


01 1073 


48 


988927 


54 


348792 


919 


651208 


359893 


967 


640107 


011102 


48 


988898 





55 


349343 


917 


650657 


360474 


966 


639526 


011131 


48 


966869 


5 


56 


349893 


916 


650107 


361053 


965 


638947 


011160 


48 


988840 


4 

3 


57 


350443 


915 


649557 


361632 


963 


638368 


011189 


49 


988811 


58 


350992 


914 


649008 


362210 


962 


637790 


011218 


49 


988782 


2 

1 


59 


351540 


913 


648460 


362787 


961 


637213 


OU247 


49 


968753 


1 


60 


352068 


911 


647912 


363364 


960 


636636 


011276 


49 


986724 



M. 


Cosine 




Secant 


Gotang. 


Tang. 


Cosec. 


Sine 



77 Degrees. 



Temgenii and Secants. (13 Degrees.) 



[m7 


Sine 


D. 


Cosec. 


Tang. 


D. 


Cotang. 


Secant 


D. 


Cosine 


60 
69 
68 

67 
66 
65 
54 
53 
62 
61 
60 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 
38 

37 
36 
35 
34 
33 
32 
31 
30 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
16 
14 
13 
12 
11 
10 

9 
8 

7 

6 
6 
4 
3 
2 
1 


M. 




1 

2 
3 
4 

6 
6 

7 

8 

9 

10 

11 
12 
13 
14 
16 
16 

17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
60 

51 
62 
53 
64 
65 
66 

67 
68 
59 
60 


9.362088 
362635 
363181 
363726 
354271 
354816 
356368 
356901 
356443 
356984 
357624 


911 
910 
909 
908 
907 
906 
904 
903 
902 
901 
899 

898 
897 
896 
895 
893 
892 
891 
890 
889 
888 


10.647912 
647366 
646819 
646274 
646729 
645185 
644642 
644099 
643557 
643016 
642476 


9.363364 
363940 
364515 
365090 
365664 
366237 
366810 
367382 
367953 
368624 
369094 


980 
959 
968 

967 
966 
964 
953 
952 
951 
960 
949 


10.636636 
636060 
635485 
634910 
634836 
633763 
633190 
632618 

632047 
631476 
630906 


10.011276 
011305 
011334 
011364 
011393 
011422 
011452 
011481 
011511 
011540 
011570 


49 
49 
49 
49 
49 
49 
49 
49 
49 
49 
49 

49 
49 
49 
60 
50 
60 
60 
60 
60 
60 

50 
50 
60 
60 
60 
50 
60 
60 
50 
51 

61 
61 
51 
51 
51 
51 
61 
51 
61 
51 

61 
61 
61 
62 
62 
62 
62 
62 
62 
52 

62 
52 
62 
52 
52 
62 
62 
62 
62 
62 


9.988724 
988696 
988666 
988636 
98B607 
988578 
988548 
988519 
988489 
988460 
988430 


9.368064 
358603 
359141 
359678 
360216 
360762 
361287 
361822 
362366 
362889 


10.641936 

641397 
640859 
640322 
639785 
639249 
638713 
638178 
637644 
637111 


9.369663 
370232 
370799 
371367 
371933 
372499 
373064 
373629 
374193 
374766 


948 
946 
946 
944 
943 
942 
941 
940 
939 
938 

937 
935 
934 
933 
932 
931 
930 
929 
928 
927 

926 
925 
924 
923 
922 
921 
920 
919 
918 
917 

915 
914 
913 
912 
911 
910 
909 
908 
907 
906 

905 
904 
903 
902 
901 
900 
899 
898 

897 
896 


10.630337 
629768 
629201 
628633 
628067 
627501 
626936 
626371 
626807 
625244 


10.011599 
011629 
011658 
011688 
011718 
011748 
011777 
01181)7 
011837 
011867 


9.988401 
988371 
988342 
988312 
988282 
988252 
988223 
988193 
988163 
988133 


9.363422 
363954 
364485 
365016 
365646 
366076 
366604 
367131 
367669 
368185 


887 
885 
884 
883 
882 
881 
880 
879 
877 
876 

876 
874 
878 
872 
871 
870 
869 
867 
866 
865 

864 
863 
862 
861 
860 
859 
868 
857 
856 
864 

863 
852 
851 
850 
849 
848 
847 
846 
845 
844 


10.636678 
636046 
636615 
634984 
634454 
633925 
. 633396 
632869 
632341 
631815 


9.376319 
376881 
376442 
377003 
377663 
378122 
378681 
379239 

379797 
380354 


10.624681 
624119 
623558 
622997 
622437 
621878 
621319 
620761 
620203 
619646 


10.011897 
011927 
011967 
011987 

012017 
012048 
012078 
012108 
012138 
012168 


9.988103 
988073 
988043 
988013 
987983 
987953 
987922 
987892 
987862 
987832 


9.368711 
369236 
369761 
370285 
370808 
371330 
371852 
372373 
372894 
373414 


10.631289 
630764 
630239 
629716 
629192 
628670 
628148 
627627 
627106 
626686 


9.380910 
381466 
382020 
382576 
383129 
383682 
384234 
384786 
386337 
386888 


10.619090 
618534 
617980 
617425 
616871 
616318 
615766 
615214 
614663 
614112 


10.012199 
012229 
012260 
012290 
012321 
012351 
012382 
012412 
012443 
012474 


9.987801 

987771 
987740 
987710 
987679 
987049 
987618 
987688 
987657 
987626 


9.373933 
374452 
374970 
376487 
376003 
376619 
377036 
377649 
378063 
378577 


10.626067 
625548 
625030 
624613 

623997 
623481 
622965 
622461 
6*21937 
621423 


9.386438 
386987 
387636 
388084 
388631 
389178 
389724 
390270 
390815 
391360 


10.613562 
613013 
612464 
611916 
611369 
610822 
610276 
609730 
609185 
608640 


10.012506 
012635 
012666 

012697 
012628 
012669 
012690 
012721 
012762 
012783 


9.987496 
987465 
987434 
987403 
987372 
987341 
987310 
987279 
987248 
987217 


9.379089 
379601 
380113 
380624 
381134 
381643 
382152 
382661 
383168 
383676 


10.620911 
620399 
619887 
619376 
618866 
618357 
617848 
617339 
616832 
616326 


9.391903 
392447 
392989 
393631 
394073 
394614 
395164 
396694 
396233 
396771 


10.608097 
607663 
607011 
606469 
606927 
605386 
604846 
604306 
603767 
603229 


10.012814 
012845 
012876 
012908 
012039 
012970 
013002 
013033 
013064 
013096 


9.987186 
987155 
987124 
987092 
987061 
987030 
986998 
986967 
986936 
986904 


Cosine 


Secant 


Cotang. 




Tang. 


Cosec. 




Sine 



76 Degrees. 



(U Degrees.) Tabic of LogarUkmic Sitiei, 



M. 


Sine 


D. 

844 


Cotec. 


Tang. 


D. 


Cotaog. 


Secant 


D. 

52 


Cosine 


60 




"o 


9.383675 


10.616325 


9.896771 


896 


10.603229 


10.013096 


9.986904 




1 


384182 


843 


615818 


397309 


896 


602691 


013127 


63 


986673 


59 




2 


384687 


842 


615313 


397846 


895 


602154 


013159 


53 


986841 


58 




3 


385192 


811 


614808 


398383 


894 


601617 


013191 


53 


986809 


57 




4 


385697 


840 


614303 


398919 


893 


601081 


013222 


53 


986778 


56 




5 


386201 


839 


613799 


399455 


892 


600546 


013254 


53 


986746 


55 




6 


386704 


838 


613296 


399990 


891 


600010 


013286 


53 


986714 


54 




7 


387207 


837 


612793 


400524 


890 


699476 


013317 


53 


986683 


53 




8 


387709 


836 


612291 


401058 


889 


698942 


013349 


53 


966651 


53 




9 


388210 


835 


611790 


401591 


888 


698409 


013381 


53 


986619 


51 




10 
IT 


388711 


834 
833 


611289 


402124 


887 

886 


697876 


013413 


53 
63 


966587 


56 
49 




9.389211 


10.610789 


9.402656 


10.597344 


10.013445 


9.986555 




12 


389711 


832 


610289 


403187 


885 


696813 


013477 


53 


986623 


48 




13 


390210 


831 


609790 


403718 


884 


596282 


013509 


53 


986491 


47 




14 


390708 


830 


609292 


404249 


883 


595751 


013541 


53 


986459 


46 




U 


391206 


828 


608794 


404778 


882 


595222 


013573 


63 


986427 


45 




16 


391703 


827 


608297 


405308 


881 


694692 


013606 


53 


986395 


44 




17 


392199 


826 


607801 


405836 


880 


694164 


013637 


54 


966363 


43 




18 


392695 


825 


607305 


406364 


879 


693636 


013669 


64 


986331 


42 




19 


393191 


824 


606809 


406892 


878 


693108 


013701 


54 


986299 


41 




20 


393685 


823 
822 


606315 


407419 


877 
876 


692581 


013734 


54 
54 


966266 


40 
39 




9.394179 


10.605621 


9.407945 


10.692065 


10.013766 


9.986234 




22 


394673 


821 


605327 


408471 


875 


691529 


013798 


54 


986202 


38 




23 


395166 


820 


604834 


408997 


874 


691003 


013831 


64 


986169 


37 




24 


395658 


819 


604342 


409521 


874 


690479 


013863 


64 


986137 


36 




2fi 


396160 


818 


603850 


410045 


873 


689955 


013896 


64 


986104 


35 




26 


396641 


817 


603359 


410569 


872 


689431 


013928 


64 


986072 


34 




27 


397132 


816 


602868 


411092 


871 


688908 


013961 


64 


986039 


33 




28 


397621 


816 


602379 


411615 


870 


688386 


013993 


64 


986007 


32 




29 


398111 


815 


601889 


412137 


869 


^863 


014026 


64 


965974 


31 




30 


398600 


814 
813 


601400 


412658 


868 
867 


697342 


014068 


54 

Is 


985942 


30 
29 




31 


9**'990co 


10.600912 


9.413179 


10.686821 


10.014091 


9.986909 




32 


399575 


812 


600425 


413699 


866 


686301 


014124 


55 


966876 


28 




33 


400062 


811 


699938 


414219 


865 


685781 


014157 


65 


985643 


27 




34 


400549 


810 


699451 


414738 


864 


685262 


014189 


65 


985811 


26 




35 


401035 


809 


696965 


415257 


864 


684743 


014222 


65 


966778 


25 




36 


401520 


808 


698480 


415775 


863 


684226 


014255 


65 


986745 


24 




37 


402005 


807 


697995 


416293 


862 


683707 


014288 


55 


965712 


23 




38 


402489 


806 


697511 


416810 


861 


683190 


014321 


55 


985679 


22 




39 


402972 


805 


697028 


417326 


860 


682674 


014354 


65 


986646 


21 




40 


403455 


804 
803 


696545 


417842 


859 
858 


682158 


014387 


66 
55 


985613 


20 
I9 




41 


9.403938 


10.696062 


9.418358 


10.681642 


10.014420 


9.985580 




42 


404420 


802 


595580 


418873 


857 


681127 


014453 


65 


966547 


18 




43 


404901 


801 


695099 


419367 


856 


680613 


OT4520 


65 


986514 


17 




44 


405382 


800 


694618 


419901 


855 


680099 


66 


986480 


16 




45 


405862 


799 


694138 


420415 


855 


679585 


014553 


55 


965447 


15 




46 


406341 


798 


593659 


420927 


854 


679073 


014586 


55 


985414 


14 




47 


406820 


797 


693180 


421440 


853 


678560 


014620 


56 


985380 


13 




48 


407299 


796 


692701 


421952 


852 


676048 


014653 


66 


985347 


12 




49 


407777 


795 


592223 


422463 


851 


677637 


014686 


56 


965314 


11 




50 
51 


408254 


794 


691746 


422974 


850 
849 


577026 


014720 


66 
"66 


9862B0 


10 

"o 




9.408731 


794 


10.591269 


9.423484 


10.576516 


10.014753 


9.986247 




52 


409207 


793 


590793 


423993 


848 


676007 


014787 


56 


985213 


8 




53 


imm 


792 


690318 


424503 


848 


575497 


014820 


56 


985180 


7 




54 


410157 


791 


589843 


425011 


847 


674989 


014854 


56 


985146 


6 




55 


410632 


790 


589368 


425519 


846 


674481 


014887 


56 


986113 


5 




56 


411106 


789 


588894 


426027 


845 


573973 


014921 


56 


965079 


4 




57 
58 


411579 
412052 


788 
787 


688421 
587948 


426534 
427041 


644 
843 


673466 
572959 


014955 
014989 


56 
66 


985045 
985011 


3 

2 

1 




59 


412524 


786 


587476 


427547 


843 


672453 


015022 


66 


984978 


1 




60 


412996 


785 


587004 


428052 


842 


571048 


015056 


56 


984944 







Cosine 


Secant 


Cotang. 


Tang. 


Gosec. 




Sine 
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Tangenii and Secanti. (15 Degrees.) 



M. 


I 
2 
3 
4 
6 
6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 
25 
26 

27 
28 
29 
30 

31 
32 
33 
34 
36 
36 

87 
38 
39 
40 

41 
42 
43 
44 
45 
46 

47 
48 
49 
50 

51 
52 
63 
54 
55 
56 

57 
58 
69 
60 


Sine 


D. 

786 
784 
783 
783 
782 
781 
780 
779 
778 
777 
776 

776 
774 
773 
773 
772 
771 
770 
769 
768 
767 

767 
766 
766 
764 
763 
762 
761 
760 
760 
769 

768 

767 
756 
756 
754 
753 
752 
752 
751 
760 


Cosec. 


Tang. 


D. 


Cotang. 


Secant 


D. 

67 
67 
67 
67 
67 
67 
67 
67 
67 
67 
67 

67 
67 
67 
67 
68 
58 
58 
58 
58 
58 

58 
58 
68 
68 
58 
68 
58 
68 
58 
58 

68 
59 
59 
59 
59 
59 
59 
59 
59 
59 

59 
59 
59 
59 
59 
59 
59 
60 
60 
60 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 


Cosine 


60 
69 
58 

67 
56 
55 
54 
53 
62 
51 
50 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 
38 

37 
36 
35 
34 
33 
32 
31 
30 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

19 
18 

17 
16 
16 
14 
13 
12 
11 
10 

9 
8 

7 
6 
5 
4 
3 
2 
1 



9.412996 
413467 
413938 
414408 
414878 
415347 
415815 
416283 
416751 
417217 
417684 


10.687004 
586533 
686062 
685692 
585122 
584653 
684186 
683717 
583249 
582783 
682316 


9.428062 
428557 
429062 
429566 
430070 
430573 
431076 

431577 
432079 
432580 
433080 


842 
841 
840 
839 
838 
838 

837 
836 
836 
834 
833 


10.571948 
671443 
670938 
670431 
669930 
669427 
668926 
668423 
667921 
667420 
666920 


10.016066 
016090 
015124 
016168 
015192 
015226 
015260 
016294 
015328 
015363 
015397 


9.984944 
984910 
984876 
984842 
984808 
984774 
984740 
984706 
984672 
984638 
984603 


9.418150 
418615 
419079 
419544 
420007 
420470 
420933 
421395 
421857 
422318 


10.681850 
581385 
580921 
680456 
679993 
679530 
679067 
678605 
678143 
577682 


9.433580 
434080 
434579 
436078 
435576 
436073 
436570 
437067 
437563 
438059 


832 
832 
831 
830 
829 
828 
828 
827 
826 
825 

824 
823 
823 
822 
821 
820 
819 
819 
818 
817 

816 
816 
816 
814 
813 
812 
812 
811 
810 
809 

809 
808 
807 
806 
806 
805 
804 
803 
802 
802 

801 

800 
799 
799 
798 

797 
796 
796 
795 
794 


10.666420 
665920 
665421 
664922 
664424 
663927 
663430 
662933 
662437 
661941 


10 016431 
015465 
015500 
015534 
015568 
015603 
015637 
015672 
015706 
015741 


9.984569 
984635 
984500 
984466 
984432 
984397 
984363 
984328 
984294 
984259 


9.422778 
423238 

423697 
424156 
424615 
425073 
425530 
425987 
426443 
426899 


10.577222 
676762 
676303 
675844 
675385 
674927 
574470 
674013 

673567 
673101 


9.438654 
439048 
439543 
440036 
440529 
441022 
44B14 
442006 

442497 
442988 


10.561446 
560952 
660457 
659964 
659471 
658978 
558486 
657994 
667503 
657012 


10 015776 
015810 
015845 
015880 
015915 
015950 
015985 
016019 
016054 
016089 


9 984224 
984190 
984155 
984120 
984085 
984050 
984015 
983981 
983946 
983911 


9.427354 
427809 
428263 

428717 
429170 
429623 
430075 
430527 
430978 
431429 


10.572646 
572191 
671737 
671283 
670830 

670377 
669926 
669473 
669022 
568571 


9.443479 
443968 
444458 
444947 
445435 
445923 
446411 
446898 
447384 
447870 


10.556521 
556032 
655542 
655053 
554565 

664077 
663589 
663102 
652616 
652130 


10 016125 
016160 
016195 
016230 
016265 
016300 
016336 
016371 
016406 
016442 


9.9B3875 
983840 
983805 
983770 
983735 
983700 
983664 
983629 
983594 
983558 


9 431879 
432329 
432778 
433226 
433675 
434122 
434569 
435016 
436462 
435908 


749 
749 
748 

747 
746 
745 
744 
744 
743 
742 

741 
740 
740 
739 
738 

737 
736 
736 
735 
734 


10.568121 
567671 
667222 
666774 
566326 
665878 
565431 
664984 
564538 
564092 


9.448356 
448841 
449326 
449810 
450294 

450777 
451260 
451743 
452225 
452706 

9.453187 
453668 
454148 
454628 
455107 
455586 
456064 
456542 
457019 
457496 


10.551644 
551169 
550674 
650190 
549706 
649223 
5487411 
648257 

647775 
547294 


10.016477 
016513 
016548 
016584 
016619 
016655 
016691 
0167-27 
016762 
016798 


9983623 
983487 
983452 
983416 
983381 
983345 
983309 
983273 
983238 
983202 


9.436353 
436798 
437242 
437686 
438129 
438572 
439014 
439456 

439897 
440338 


10.563647 
563202 
562758 
562314 
561871 
561428 
660986 
560544 
560103 
659662 


10.546813 
546332 
645852 
545372 
644893 
544414 
643936 
543458 
542981 
642504 


10 016834 
016870 
016906 
016942 
016978 
017014 
017050 
017086 
017122 
017168 


9.983166 
983130 
983094 
983058 
983022 
982986 
982950 
982914 
982878 
982842 


Cosine 


Secant 


Cotang. 




Tang. 


Cosec 


Sine 
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(16 Degrees.) Table of Logariikmic Sinei, 



M. 


Sine 


D. 

784 
788 
782 
781 

781 
780 
729 
728 

727 
727 

726 

725 
724 
728 
723 
722 
721 
720 
720 
719 
718 

717 
716 
716 
716 
714 
713 
713 
712 
711 
710 


Cosec. 


Tang. 


D. 

794 
793 
793 
792 
791 
790 
790 
789 
788 
788 
787 

"786 
785 
785 
784 
788 
783 
782 
781 
780 
780 

"779 
778 
778 

777 
776 
776 
776 
774 
773 
773 

772 
771 
771 
770 
769 
769 
768 
767 
767 
766 

765 
766 
764 
768 
763 
762 
761 
761 
760 
769 

769 
768 
767 
757 
766 
765 
766 
754 
763 
763 


Gotang. Secant 


D. 

60 
60 
61 
61 
61 
61 
61 
61 
61 
61 
61 

61 
61 
61 
61 
61 
61 
62 
62 
62 
62 

62 
62 
62 
62 
62 
62 
62 
62 
62 
62 

63 
63 
63 
63 
63 
63 
63 
63 
63 
63 

63 
63 
63 
63 
63 
64 
64 
64 
64 
64 

64 
64 
64 
64 
64 
64 
64 
64 
64 
64 


Cosine 


69 
59 
58 

57 
56 
55 
54 
53 
52 
51 
50 

"« 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 
38 

37 
36 
35 
34 
33 
32 
31 
30 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

19 
18 

17 
16 
15 
14 
13 
12 
11 
19 

9 
8 

7 
6 
5 
4 
3 
2 
I 


M. 



1 
2 
8 
4 
5 
6 

7 

8 

9 

10 

11 
12 
18 
U 
16 
16 

17 
18 
19 
20 

21 

22 
28 
24 
26 
26 

27 
28 
29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 
45 
46 

47 
48 
49 
50 

61 
52 
53 
64 
55 
66 

67 
68 
69 
60 


9.440338 
440778 
441218 
441658 
442096 
442535 
442973 
448410 
448847 
444284 
444720 


10 559662 
559222 
558782 
558342 
557904 
557465 
557027 
556690 
556153 
555716 
655280 


9 457496 
457973 
468449 
458925 
459400 
459876 
460349 
460823 
461297 
461770 
442242 


10 642604 

642027 
641661 
641076 
640600 
640126 
639651 

639177 
638703 
638230 
637768 


IOOI7I68 
017196 
017231 
017267 
017304 
017340 
017376 
017413 
017449 
017486 
017623 


9.982842 
982805 
982769 
982733 
982696 
982660 
982624 
982687 
982551 
982514 
982477 


9445155 
445590 
446025 
446459 
446893 
447326 
447769 
448191 
448623 
449054 


10 654845 
654410 
653975 
663541 

553107 
652674 
662241 
551809 

551377 
650946 


9 462714 
463186 
463668 
464129 
464699 
465069 
466639 
466008 
466476 
466945 


10 637286 
636814 
536342 
635871 
636401 
634931 
634461 
633992 
633524 
633055 


10 017569 
017696 
017633 
017669 
OI77O6 
017743 
017780 
017817 
017864 
017891 


9 982441 
982404 
982367 
982331 
982294 
982257 
982220 
982183 
982146 
982109 


9 449485 
449915 
450345 
450776 
451204 
451632 
462060 
452488 
462915 
453342 


10 660515 
560085 
549665 
649225 
64H796 
548368 
547940 
647612 
547085 
646668 


9 467413 
467880 
468347 
468814 
469280 
409746 
470211 
470676 
471141 
471605 


10 532687 
632120 
631653 
631186 
530720 
630264 
629789 
629324 
628869 
628396 


10 017928 
017965 
018002 
018039 
018076 
018114 
018151 
018188 
018226 
018263 


9.982072 
982035 
981998 
981961 
981924 
981886 
981849 
981812 
981774 
981737 


9.463768 
464194 
464619 
456044 
455469 
466893 
456316 
466739 
467162 
467584 


710 
709 
708 
707 
707 
706 
705 
704 
704 
703 

702 
701 
701 
700 
699 
698 
698 

697 
696 
695 


10 646232 
545806 
545381 
544966 
544631 

544107 
543684 
543261 
542838 
542416 


9 472068 
472632 
472996 
473457 
473919 
474381 
474842 
475303 
475763 
476223 


10.627932 
627468 
627005 
626643 
626081 
626619 
526168 
624697 
624237 
623777 


10.018301 
018338 
018376 
018413 
018451 
018488 
018526 
018664 
018601 
018639 


9 981699 
981662 
981626 
981687 
981549 
981512 
981474 
981436 
981399 
981361 


9 468006 

458427 
458848 
459268 
459688 
460108 
460527 
460946 
461364 
461782 


10 641994 
541673 
641162 
540732 
640312 
539892 
539473 
539064 
638636 
638218 


9.476683 
477142 
477601 
478069 
478617 
478975 
479432 
479889 
480345 
480801 


10.623317 
522858 
622399 
621941 
621483 
521025 
620568 
620111 
619656 
519199 


10 018677 
018716 
018763 
018791 
018829 
018867 
018905 
018943 
018981 
019019 


9 981323 
981285 
981247 
981209 
981171 
981133 
981095 
981057 
981019 
980981 


9.462199 
462616 
463032 
463448 
463864 
464279 
464694 
466108 
466522 
466935 


695 
694 
693 
693 
692 
691 
690 
690 
689 
688 


10 637801 
637384 
536968 
636552 
636136 
636721 
636306 
534892 
534478 
634066 


9.481267 
481712 
482167 
482621 
483076 
483629 
483982 
484436 
484887 
486339 


10.518743 
618288 
517833 
517379 
516926 
516471 
616018 
615665 
615113 
514661 


10 019058 
019096 
019134 
019173 
019211 
019250 
019288 
019327 
019365 
019404 


9 980942 
980904 
980866 
980827 
980789 
9807/0 
986712 
980673 
980636 
980596 


Cosine 


Secant 


Cotang. 


Tang. 


Cosec. 


Sine 
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Tangenit and Secants. (17 Degrees.) 



.M. 


Sine 


1>. 

688 
688 
687 
686 
685 
685 
684 
683 
683 
682 
681 

680 
680 
679 
678 
678 

677 
676 
676 
676 
674 

674 
673 
872 

672 

671 
670 
669 
669 
668 
667 

667 
666 
665 
665 
664 
663 
663 
662 
661 
661 

660 
659 
659 
658 
657 
657 
656 
655 
655 
654 

663 
663 
652 
651 
651 
650 
650 
649 
648 
648 


Co&ec. 


Tang. 


1>. 


Cotang. 


Secant 


D. 

64 
64 
65 
65 
65 
65 
65 
65 
65 
65 
65 

65 
65 
65 
65 
65 
65 

% 

66 
66 

66 
66 
66 
66 
66 
66 
66 
66 
66 
66 

66 
66 
67 
67 
67 
67 
67 
67 
67 
67 

67 
67 
67 
67 
67 
67 
67 
68 
68 
68 

68 
68 
68 
68 
68 
68 
68 
68 
68 
68 


Cosine 


60 
69 
68 

67 
66 
56 
64 
63 
52 
51 
60 

49 
48 

47 
46 
46 
44 
43 
42 
41 
40 

39 
38 

37 
36 
36 
34 
33 
32 
31 
30 

29 
28 

27 
26 
26 
24 
23 
22 
21 
20 

19 
18 

17 
16 
16 
14 
13 
12 
11 
10 

9 
8 

7 
6 
5 
4 
3 
2 
1 


M. 



1 
2 
3 
4 
5 
6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 
25 
26 

27 
28 
29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 
46 
46 

47 
48 
49 
60 

51 
62 
63 
64 
65 
66 

67 
68 
69 
60 


9.465935 
466348 
466761 
467173 
467585 
467996 
468407 
468817 
469227 
469637 
470046 


10.534065 
633652 
633239 
632827 
632415 
632004 
631693 
631183 
630773 
530363 
629954 


9.485339 
485791 
486242 
486693 
487143 
487593 
488043 
488492 
488941 
489390 
489838 


753 
752 
751 
751 
750 
749 
749 
748 
747 
747 
746 

746 
745 
744 
744 
743 
743 
742 
741 
740 
740 


10.514661 
514209 
613758 
613307 
512857 
512407 
51 1957 
611508 
611059 
610610 
610162 


10.019404 
019442 
019481 
019520 
019558 
019597 
019636 
019675 
019714 
019753 
019792 


9.980596 
980558 
980519 
980480 
980442 
980403 
980364 
980325 
980286 
980247 
980208 


9.470455 
470863 
471271 
471679 
472086 
472492 
472898 
473304 
473710 
474115 


10.529545 
629137 
628729 
628321 
627914 
527508 
527102 
526696 
626290 
626885 


9 490286 
490733 
491180 
491627 
492073 
492519 
492965 
493410 
493854 
494299 


10.609714 
509267 
508820 
608373 
607927 
607481 
607035 
606690 
606146 
605701 


10.019831 
019870 
019909 
019948 
019988 
020027 
020066 
020105 
020146 
020184 


9.980169 
980130 
980091 
980052 
980012 
979973 
979934 
979895 
979855 
979816 


9.474519 
474923 
476327 
476730 
476133 
476536 
476938 
477340 
477741 
478142 


10.525481 

525077 
624673 
524270 
523867 
523464 
523062 
522660 
522259 
621858 


9.494743 
495186 
495630 
496073 
496515 
496957 
497399 
497841 
498282 
498722 


739 
739 
738 
737 
737 
736 
736 
735 
734 
734 

733 
733 
732 
731 
731 
730 
730 
729 
728 
728 

727 
727 
726 
725 
725 
724 
724 
723 
722 
722 

721 
721 
720 
719 
719 
718 
718 
717 
717 
716 


10.605257 
604814 
604370 
603927 
603485 
603043 
602601 
602159 
601718 
601278 


10.020224 
020263 
020303 
020342 
020382 
020421 
020461 
020501 
020641 
020580 


9.979776 
979737 
979697 
979658 
979618 
979579 
979539 
979499 
979459 
979420 


9.478542 
478942 
479342 
479741 
480140 
480639 
480937 
481334 
481731 
482128 


ia521458 
521058 
620658 
620259 
519860 
619461 
619063 
618666 
518269 
6 J 7872 


9.499163 
499603 
500042 
600481 
500920 
501359 
501797 
602235 
602672 
603109 


10.600837 
500397 
499958 
499519 
499080 
498641 
498203 
497766 
497328 
496891 


10.020620 
020660 
020700 
020740 
020780 
020820 
020860 
020900 
020941 
020981 


9.979380 
979340 
979300 
979260 
979220 
979180 
979140 
979100 
979059 
979019 


9.482525 
482921 
483316 
483712 
484107 
484601 
484895 
485289 
485682 
486075 

9.486467 
486860 
487251 
487643 
488034 
488424 
488814 
489204 
489693 
489982 


10.517475 
617079 
616684 
616288 
615893 
615499 
515105 
514711 
614318 
613925 


9.603646 
503982 
504418 
604854 
605289 
605724 
606159 
506593 
607027 
607460 


10.496464 
496018 
495582 
495146 
494711 
494276 
493841 
493407 
492973 
492540 


10.021021 
021061 
021102 
021142 
021183 
021223 
021264 
021304 
021345 
021385 


9.978979 
978939 
978898 
978858 
978817 

978777 
978736 
97869K 
978655 
978615 


10.613533 
513140 
612749 

612367 
611966 
611576 
611186 
610796 
610407 
610018 


9.507893 
608326 
608759 
509191 
609622 
610054 
610485 
610916 
611346 
611776 


10.492107 
491674 
491241 
490809 
490378 
489946 
489516 
489084 
488654 
488224 


10.021426 
021467 
021507 
021548 
021589 
021630 
021671 
021712 
021753 
021794 


9.978574 
978533 
978493 
978452 
978411 
978370 
978329 
978288 
978247 
978206 


L 


Cosine 




Secant 


Cotang. 




Tang. 


Cosec. 


Sine 



72 ^^rees. 



(18 Degrees.) Table of Logarithmic Sines, 



M. 




Sine 


D. 


Coflce. 


Tang. 


D. 

716 


Cotang. 


Secant 


D. 

68 


Cosine 


60 


9.489982 


648 


10.510018 


9.611776 


10 488224 


10.021794 


9.978206 


1 


490371 


641 


509629 


612206 


716 


487794 


021835 


68 


978165 


59 


2 


490759 


647 


509241 


612635 


716 


487365 


021876 


m 


978124 


58 


3 


491147 


646 


508853 


613064 


714 


486936 


021917 


69 


978083 


67 


4 


491535 


646 


608465 


513493 


714 


486507 


021958 


69 


978042 


56 


5 


491922 


645 


508078 


613921 


713 


486079 


021999 


69 


9/8001 


bb 


6 


492308 


644 


607692 


514349 


713 


485651 


022041 


69 


977959 


54 


7 


492695 


644 


607306 


614777 


712 


486223 


022082 


69 


977918 


53 


8 


493081 


643 


606919 


616204 


712 


484796 


022123 


69 


977877 


52 


9 


493466 


642 


606634 


516631 


711 


484369 


022166 


69 


977835 


51 


10 


493851 


642 


606149 


616057 


710 
710 


483943 


022206 


69 
69 


977794 


i>0 
49 


9.494236 


641 


10.606764 


9.616484 


10.483616 


10.022248 


9.977752 


12 


494621 


641 


605379 


516910 


709 


483090 


022289 


69 


9777H 


48 


13 


495005 


640 


604995 


617335 


709 


482666 


022331 


69 


977669 


4^ 


14 


495388 


639 


604612 


617761 


708 


482239 


022372 


69 


977628 


46 


15 


496772 


639 


604228 


618186 


708 


481815 


022414 


69 


977686 


45 


16 


496154 


638 


603846 


618610 


707 


481390 


022466 


70 


977544 


44 


17 


496537 


.637 


503463 


619034 


706 


480966 


022497 


70 


977503 


43 


18 


496919 


637 


503081 


61946H 


706 


480642 


022539 


70 


977461 


42 


19 


497301 


636 


502699 


619882 


705 


480118 


022581 


70 


977419 


41 


20 
21 


497682 


636 
635 


602318 


5103i5 


705 
704 


479695 


022623 


70 

70 


977377 


40 
"39 


9.498064 


10.601936 


9.620728 


10.479272 


10.022665 


9.977335 


22 


498444 


034 


501556 


521151 


703 


478849 


022707 


70 


977-293 


38 


23 


4y8«25 


634 


501175 


521573 


703 


478427 


022749 


70 


977251 


37 


24 


499204 


633 


500796 


621995 


703 


478005 


022791 


70 


977209 


3^ 


25 


499584 


632 


500416 


522417 


702 


477583 


022833 


70 


977167 


3o 


26 


499963 


632 


500037 


522838 


702 


477162 


022876 


70 


977125 


34 


27 


500342 


631 


499648 


523259 


701 


476741 


022917 


70 


977083 


33 


2« 


500721 


631 


499279 


523680 


701 


476320 


022959 


70 


977041 


32 


29 


501099 


630 


498901 


624100 


700 


475900 


023001 


70 


976^99 


31 


30 
31 


601476 
9.601854 


629 
629 


498524 


624520 


699 
699 


475480 


023043 


70 
70 


976957 


30 

"29 


10.498146 


9.524939 


10.476061 


10 023086 


9.976914 


32 


502231 


628 


497769 


625359 


698 


474641 


023128 


71 


976872 


28 


33 


602607 


628 


497393 


625778 


698 


474222 


023170 


71 


976830 


27 


34 


502984 


627 


497016 


626197 


697 


473803 


023213 


71 


976787 


26 


3d 


603360 


626 


496640 


526615 


697 


473385 


023255 


71 


976745 


25 


36 


503735 


626 


496265 


627033 


696 


472967 


023298 


71 


976702 


24 


37 


504110 


625 


495890 


627451 


696 


472549 


023340 


71 


976660 


23 


38 


604485 


625 


495515 


527868 


696 


472132 


023383 


71 


976617 


22 


39 


604800 


624 


425140 


638285 


695 


471715 


023426 


71 


976674 


21 


40 
41 


605234 


623 


494766 


528702 


694 
693 


471298 


023468 


71 
71 


976632 


20 
19 


9.605608 


623 


10.494392 


9.529119 


10.470881 


10.023511 


9.976489 


42 


505981 


622 


494019 


529535 


693 


470465 


023554 


71 


976446 


18 


43 


606354 


622 


493646 


629950 


693 


470050 


023596 


7\ 


976404 


17 

« it 


44 


506727 


621 


493273 


530366 


692 


469634 


023639 


71 


976361 


16 


45 


507099 


620 


492901 


530781 


691 


469219 


023682 


71 


976318 


15 


Hi 


507471 


620 


492529 


631196 


691 


468804 


023725 


71 


976275 


14 


47 


507843 


619 


492157 


631611 


690 


468389 


023768 


72 


974232 


13 


48 


508214 


619 


491786 


532025 


690 


467975 


023811 


72 


976189 


12 


49 


508505 


618 


491415 


532439 


689 


467561 


023854 


72 


976146 


11 

■ Ik 


50 
51 


500956 


618 
617 


491044 


532053 


689 
688 


467147 


023897 


72 
72 


976103 


10 

1 


9.60jm2« 


10.490674 


9.533266 


10.466734 


10.023940 


9.976060 


52 


50969H 


616 


490304 


533679 


688 


466321 


023983 


72 


976017 


8 


53 


5100H5 


616 


489935 


634092 


687 


465908 


024026 


72 


976974 


7 


54 


51C434 


615 


489566 


534604 


687 


466496 


024070 


72 


975930 


6 


65 


510803 


615 


489 1S7 


634916 


686 


465084 


024113 


72 


975887 


5 


66 


511172 


614 


488828 


535328 


686 


464672 


024156 


72 


976844 


4 

• 


57 


511540 


613 


488460 


535739 


685 


464261 


024200 


72 


975800 


3 


tb 


511907 


613 


488093 


536150 


685 


461860 


024243 


72 


976757 


2 


59 


512275 


612 


487725 


536561 


684 


463439 


024286 


72 


975714 


I 


M. 


60 


512612 


612 


487368 


536972 


684 


463028 


024330 


72 


975670 


Cosine 


Secant 


Cotang. 


Tang. 


Cosec. 




Sine 



Degrees. 



Tangenti and SccanU. (19 Dc'greos.) 



M. 

1i 
1 
2 
3 
4 
5 
6 

7 

8 

9 

10 

IT 

12 
13 
14 
15 
16 

17 
18 
19 
20 

~^ 
22 
23 
24 
25 
26 

27 
28 
29 
30 

"si 

32 
33 
34 
35 
36 

37 
38 
39 
40 

U 
42 
43 
44 
45 
46 

47 

48 
49 
50 

52 
53 
54 
55 
56 

57 
58 
59 
60 



9 512642 
513009 
513375 
513741 
514107 
514472 
514837 
515202 
515566 
515930 
516294 

9.516657 
517020 
517382 
517745 
518107 
518468 
518829 
519190 
519551 
519911 

9.520271 
520631 
620990 
521349 
521707 
522066 
522424 
522781 
523138 
523495 

9.523852 
524208 
524564 
524920 
525275 
525830 
525984 
526339 
526693 
527046 

9.527400 
527753 
528105 
528458 
528810 
529161 
629513 
529864 
530215 
530565 

9:630915 
531265 
531614 
531963 
632312 
532661 
533009 
533357 
633704 
534052 

Conine 



D. 



612 
611 
611 
610 
609 
609 
608 
608 
607 
607 
606 



605 
605 
604 
604 
603 
603 
602 
601 
601 
600 



600 
599 
599 
598 
598 
597 
596 
596 
595 
595 



594 
594 
593 
593 
592 
591 
591 
590 
590 
589 



589 
588 
588 
687 
687 
586 
586 
585 
585 
584 



584 
583 
682 
582 
581 
581 
580 
580 
579 
578 



Cosec. 



10.487358 
486991 
486625 
486259 
485893 
485528 
485163 
484798 
484434 
484070 
483706 



10. 



483343 
482980 
482618 
482255 
481893 
481532 
481171 
480810 
480449 
480089 



10.479729 
479369 
479010 
478651 
478293 
477934 
477576 
477219 
476862 
476605 



10. 



476148 
475792 
475436 
475080 
474726 
474370 
474016 
473661 
473307 
472954 



10.472600 
472247 
471895 
471542 
471190 
470839 
470487 
470136 
469785 
469435 



10.469085 
468735 
468386 
468087 
467688 
467339 
466991 
466643 
466296 
465948 

Secant 



Tang. 

9.536972 
537382 
537792 
638202 
538611 
539020 
539429 
639837 
540245 
640653 
541061 



9.541468 
541875 
542281 
542688 
543094 
643499 
543905 
544310 
544715 
645119 



9.545524 
545928 
546331 
546735 
547138 
547540 
547943 
548345 
548747 
549149 

9.549550 
549951 
550352 
550752 
651152 
551562 
551952 
552351 
552750 
553149 

9.553548 
653946 
654343 
554741 
555139 
555536 
655933 
556329 
566725 
557121 



9.557517 
557913 
558308 
558702 
569097 
559491 
559885 
560279 
560673 
561066 

Co'ang. 



O. 



684 
683 
683 
682 
682 
681 
681 
680 
680 
679 
679 



678 
678 

677 
677 
676 
676 
675 
675 
674 
674 



673 
673 
672 
672 

671 
671 
670 
670 
669 
669 



668 
668 
667 
667 
666 
666 
665 
665 
665 
664 



664 
663 
663 
662 
662 
661 
661 
660 
660 
659 



669 
659 
658 
658 
657 
657 
656 
656 
655 
655 



C<K«ng. 



10. 



463028 
462618 
462208 
461798 
461389 
460980 

460571 
460163 
459755 
469347 
458939 



10. 



458532 
458125 
457719 
467312 
456006 
456501 
456095 
455690 
455285 
454861 



10. 



454476 
454072 
453669 
463266 
452862 
452460 
462057 
451655 
451253 
450851 



10.450450 
450049 
449648 
449248 
448848 
448448 
448048 
447649 
447250 
446851 



10. 



446452 
446054 
445656 
445259 
444861 
444464 
444067 
443671 
443275 
442879 



10. 



442483 
442087 
441692 
441298 
440903 
4405C9 
440115 
439721 
439327 
438934 



Tang. 



Secant 

10.024330 
024373 
024417 
024461 
024504 
024548 
024592 
024635 
024679 
024723 
024767 



10.024811 
024855 
024899 
024943 
024987 
025031 
025076 
025120 
025164 
025208 



10.025252 
025297 
025341 
025386 
025430 
025475 
025519 
025564 
025609 
025653 



10.025698 
025743 
025788 
025833 
025878 
025923 
025968 
026013 
026058 
026103 



10.026148 
026193 
026239 
026284 
026329 
026375 
026420 
026465 
026511 
026556 



10.026602 
026646 
026693 
026739 
026785 
026831 
026876 
026922 
026968 
027014 

Cosec. 



D. 



73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 



73 
73 

73 
73 
73 

74 
74 

74 
74 

74 



74 
74 
74 
74 
74 
74 
74 
74 
74 
75 



75 
75 
75 
75 
75 
75 
76 
75 
75 
75 



76 

75 
75 
76 
76 
76 
76 
70 
76 
76 



76 
76 
76 
76 
76 
76 
76 
76 
77 
77 



Cosine 



9.975670 
975627 
975583 
975539 
975496 
975452 
975408 
975365 
975321 

975277 
976233 

9.975189 
975145 
975101 

975057 
975013 
974969 
974925 
974880 
974836 
974792 



9.974748 
974703 
974659 
974614 
974570 
974526 
974481 
974436 
974391 
974347 

9.974302 
974257 
974212 
974167 
974122 

974077 
974032 

973987 
973942 
973897 

9.973852 
973807 
973761 
973716 
973671 
973625 
973680 
973535 
973489 
973444 

9.973398 
973362 
973307 
973261 
973216 
973169 
973124 
973078 
973032 
972986 



60 
59 

58 

67 
66 
65 
54 
53 
62 
51 
50 

lo 

48 
47 
46 
45 
44 
43 
42 
41 
40 

T9 
38 

37 
36 
35 
34 
33 
32 
31 
30 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

"19 
18 
17 
16 
16 
14 
13 
12 
11 
10 

"H 
8 

7 
6 
6 
4 
3 
2 
1 




Sine M. 
70 Degrees. 



(20 Degrees.) TabU of LogarUhnuo Sines, 



M. 




Sine 


D. 


Cosec 


Tinj. 


D. 


Cotang. 


Secant 


D. 

77 


Cosine 




9.534052 


678 


10.465948 


9.561066 


656 


10.438934 


10.027014 


9978986 


60 


1 


534399 


677 


466601 


661469 


654 


438541 


027060 


77 


972940 


59 


2 


534745 


677 


466255 


561851 


664 


438149 


027106 


77 


972894 


.5R 


3 


535092 


677 


464908 


662244 


653 


437766 


027162 


77 


972048 


57 


4 


635438 


^76 


464562 


562636 


653 


437364 


027198 


77 


97280S 


56 


5 


535783 


676 


464217 


663028 


653 


436972 


027245 


77 


972756 


5A 


6 


536129 


576 


463871 


663419 


652 


436581 


027291 


77 


972709 


54 


7 


536474 


674 


463626 


663811 


652 


436189 


027337 


77 


972663 


53 


8 


536818 


574 


463182 


664202 


661 


43579H 


027383 


77 


972617 


52 


9 


537163 


573 


462837 


664592 


651 


435406 


027430 


77 


972570 


51 


10 
11 


537507 


673 
672 


462493 


664983 


660 
650 


435017 


027476 


77 
77 


972524 


50 

Hi 


9 537H5I 


10.462149 


9.666373 


10.434627 


10.027522 


9.972478 


12 


538194 


572 


461806 


665763 


649 


434237 


027569 


78 


972431 


48 


13 


538538 


671 


461462 


566153 


649 


453847 


027615 


78 


972385 


47 


14 


538880 


671 


461 120 


566542 


649 


433458 


027662 


78 


972338 


46 


15 


539223 


670 


460777 


566932 


648 


433068 


02770.^ 


78 


972291 


45 


16 


539565 


570 


460435 


567320 


648 


432680 


027755 


78 


972245 


44 


17 


539907 


569 


460093 


667709 


647 


432291 


027802 


78 


972198 


43 


18 


540249 


669 


459751 


568098 


647 


431902 


027849 


78 


972151 


42 


19 


540590 


568 


459410 


568486 


646 


431514 


027895 


78 


972105 


41 


20 
21 


540931 


566 


459069 


568873 
9.669261 


646 


431127 


027942 


78 
78 


972058 


40 

"Si 


9.541272 


567 


10.458728 


645 


10.430739 


10.027989 


9.972011 


22 


541613 


667 


458387 


569648 


645 


430352 


028036 


78 


971964 


38 


23 


541953 


566 


458047 


570035 


645 


429965 


028083 


78 


971917 


37 


24 


542293 


566 


457707 


670422 


644 


429578 


028130 


78 


971870 


36 


25 


542632 


565 


457368 


570809 


644 


429191 


028177 


78 


971823 


35 


26 


542971 


565 


457029 


571195 


643 


428805 


028224 


78 


971776 


34 


27 


543310 


564 


4d6f;90 


571581 


643 


428419 


028271 


79 


971729 


33 


28 


543649 


564 


456351 


571967 


642 


428033 


028318 


79 


971682 


32 


29 


543987 


563 


456013 


572352 


642 


427648 


028665 


79 


971635 


31 


30 
31 


544325 


563 
562 


455675 


572738 


642 
641 


427262 


028112 


79 
79 


971688 


30 
29 


9.544663 


10.455337 


9.673123 


10.426877 


10 028460 


9.971540 


32 


545000 


562 


455000 


673507 


641 


426493 


028507 


79 


971493 


28 


33 


545338 


561 


454662 


573892 


640 


426108 


028654 


79 


971446 


27 


34 


546674 


561 


454326 


574276 


640 


425724 


028602 


79 


971398 


26 


35 


546011 


560 


453989 


574660 


639 


425340 


028649 


79 


971351 


25 


3H 


546347 


660 


453653 


575044 


639 


424956 


028697 


79 


971303 


24 


37 


546683 


559 


453317 


675427 


639 


424573 


028744 


79 


971256 


23 


38 


647019 


559 


452981 


575810 


638 


424190 


028792 


79 


971208 


22 


39 


547354 


558 


452646 


676193 


638 


423807 


028839 


79 


971161 


21 


40 
41 


547689 
9.548024 


558 


462311 


576576 


637 


423424 


028887 


79 
80 


971113 


20 
19 


657 


10.451976 


9.576959 


637 


10.423041 


10.028934 


9.971066 


42 


548359 


557 


451641 


677341 


636 


422659 


028982 


80 


971018 


18 


43 


548693 


556 


451307 


577723 


636 


422277 


029030 


80 


970970 


17 


44 


549027 


556 


450973 


578104 


636 


421896 


029078 


80 


970922 


16 


45 


549360 


655 


450640 


578486 


635 


421514 


029126 


80 


970874 


\h 


48 


549693 


555 


450307 


578867 


635 


421133 


029173 


80 


970827 


14 


47 


560026 


554 


449974 


579248 


634 


420752 


029221 


80 


970779 


13 


48 


550359 


554 


449641 


579629 


634 


420371 


029269 


80 


970731 


12 


49 


550692 


553 


449308 


680009 


634 


419991 


029317 


80 


970683 


11 


50 
51 


551024 


553 


448976 


580389 


033 
633 


419611 


029365 


80 
80 


970635 


10 
"1 


9.551356 


552 


10.448644 


9.580769 


10.419231 


.10.029414 


9.970586 


52 


551687 


552 


448313 


581149 


632 


418851 


029462 


80 


970538 


8 


53 


552018 


552 


447982 


581528 


632 


418472 


029510 


80 


970490 


7 


54 


552349 


551 


447651 


581907 


632 


418093 


029558 


80 


970442 


6 


55 


552680 


551 


447320 


582286 


631 


417714 


029606 


80 


970394 


5 


58 


653010 


550 


446990 


582665 


631 


417335 


029655 


81 


970345 


4 


67 


553341 


550 


446659 


583043 


630 


416957 


029703 


81 


970297 


3 


58 


553670 


549 


446330 


583422 


630 


416578 


029751 


81 


970249 


2 


59 


654000 


549 


446000 


583800 


629 


416200 


029800 


81 


970200 


1 


60 


564329 


548 


445671 


684177 


629 


416823 


029848 


81 


970152 



IT 


Cosine. 




Secant 


Cotang. 


Tang. 


Cosec. 


Sine 



69 Degrees. 









Tangenii and Secants. 


(21 Degrees.) 








M. 


Sine 


D. 

548 


Gosec. 


Tang. 


D. 
629 


CoUng. 


Secant 


D. 

81 


Cosine 


60 


"o 


9.554329 


10.445671 


9.684177 


10.416823 


10.029848 


9.970152 


1 


554658 


548 


445342 


684555 


629 


415445 


029897 


81 


970103 


59 


2 


554987 


547 


445013 


684932 


628 


415068 


029946 


81 


970055 


68 


3 


555315 


647 


444686 


685309 


628 


414691 


029994 


81 


970O06 


67 


4 


555643 


546 


444357 


685686 


627 


414314 


030043 


81 


969957 


66 


f} 


555971 


646 


444029 


686062 


627 


413938 


030091 


81 


969909 


65 


6 


556299 


645 


443701 


686439 


627 


413661 


030140 


81 


969860 


64 


7 


556626 


545 


443374 


586816 


626 


413185 


030189 


81 


969811 


63 


8 


556953 


544 


443047 


5871 90 


626 


412810 


030238 


81 


969762 


62 


9 


557280 


544 


442720 


587566 


625 


412434 


030286 


81 


969714 


51 


10 

n 


557606 


643 
543 


442394 


5»7941 


626 

625 


412059 


030335 


81 


969665 


60 
49 


9.557932 


10.442068 


9.588316 


10.411684 


10.030384 


9.969616 


12 


558258 


543 


441742 


588691 


624 


411309 


030433 


82 


969567 


48 


18 


558583 


542 


441417 


589066 


624 


410934 


030482 


82 


969618 


47 


14 


558909 


642 


441091 


589440 


623 


410560 


030531 


82 


969469 


46 


15 


559234 


641 


440766 


689814 


623 


410186 


030580 


82 


969420 


45 


16 


559558 


641 


440442 


690188 


623 


409312 


030630 


82 


969370 


44 


17 


559883 


540 


440117 


690562 


622 


409438 


030679 


82 


909321 


43 


IR 


560207 


540 


439793 


590935 


622 


409066 


030728 


82 


969272 


42 


19 


560531 


639 


439469 


591308 


622 


408692 


030777 


82 


969223 


41 


20 
21 


560855 


539 



638 


429145 


591681 


621 
621 


408319 


030827 


82 

"si 


969173 


40 
39 


9.561178 


10.438822 


9.692064 


10.407946 


10.030876 


9.969124 


22 


561501 


538 


438499 


592426 


620 


407574 


030925 


82 


969075 


38 


23 


561824 


537 


438176 


592798 


620 


407202 


030976 


«2 


969025 


37 


24 


562146 


637 


437854 


593171 


620 


406829 


031024 


82 


968976 


36 


2A 


562468 


536 


437632 


593542 


619 


406458 


031074 


83 


968926 


35 


26 


562790 


536 


437210 


593914 


619 


406086 


031123 


m 


968877 


34 


27 


563112 


536 


436888 


594285 


618 


406715 


031173 


83 


968S27 


33 


28 


563433 


535 


436567 


594666 


618 


405344 


031223 


83 


968777 


32 


29 


563755 


535 


436245 


695022 


618 


404973 


031272 


83 


968728 


31 


30 
31 


564075 


534 
534 


435926 


595398 


617 
617 


404602 


031322 


83 
83 


968678 


30 
29 


9.564396 


10«436604 


9.595768 


10.404232 


10.031372 


9.968628 


32 


564716 


633 


435284 


596138 


616 


403862 


031422 


83 


968578 


28 


33 


565036 


533 


434964 


696608 


616 


403492 


031472 


83 


968528 


27 


"M 


565356 


532 


434644 


596878 


616 


403122 


031521 


83 


968479 


26 


35 


565676 


532 


434324 


697247 


615 


402753 


031571 


83 


968429 


25 


36 


565995 


531 


434005 


597616 


615 


402384 


031621 


83 


968379 


24 


37 


566314 


531 


433686 


597985 


615 


402015 


031671 


83 


968329 


23 


38 


566632 


531 


433368 


598354 


614 


401646 


031722 


83 


968278 


22 


39 


566951 


5M 


433049 


598722 


614 


401278 


031772 


84 


968228 


21 


40 
41 


567269 


630 
529 


332731 


699091 


613 
613 


400909 


031822 


84 

84 


968178 


20 
19 


9.567587 


10.432413 


9.699459 


10.400541 


10.031872 


9.968128 


42 


567904 


529 


432096 


599827 


613 


400173 


031922 


84 


968078 


18 


43 


568222 


528 


431778 


600194 


612 


399806 


031973 


84 


968027 


17 


44 


568539 


528 


431461 


600562 


612 


399438 


032023 


84 


967977 


16 


45 


568856 


528 


431144 


600929 


611 


399071 


032073 


84 


967927 


15 


46 


569172 


527 


430828 


601296 


611 


398704 


032124 


84 


967876 


14 


47 


569488 


527 


430512 


601662 


611 


398338 


032174 


84 


967826 


13 


48 


569804 


526 


430196 


602029 


610 


397971 


032225 


84 


967775 


12 


49 


570120 


626 


429880 


602395 


610 


397605 


032275 


84 


967725 


11 


50 
51 


570435 


626 
525 


429665 


602761 


610 
609 


397239 


032326 


84 
84 


967674 


10 
9 


9.570751 


10.429249 


9.603127 


10.396873 


10.032376 


9.967624 


52 


671066 


624 


428934 


603493 


609 


396507 


032427 


84 


967573 


8 


53 


571380 


524 


428620 


603858 


609 


396142 


032478 


85 


967522 


7 


54 


571695 


623 


428305 


604223 


608 


395777 


032529 


85 


967471 


6 


55 


572009 


623 


427991 


604588 


608 


395412 


032579 


85 


967421 


6 


56 


572323 


623 


427677 


604963 


607 


395047 


032630 


85 


967370 


4 


57 


572636 


622 


427364 


605317 


607 


894683 


032681 


85 


967319 


3 


58 


572950 


522 


427050 


604682 


607 


394318 


032732 


85 


967268 


2 


59 


573263 


621 


4i'6737 


606046 


606 


393954 


032783 


85 


997217 


J 


60 


673575 


521 


426426 


606410 


606 


393690 


032834 


85 


967166 





Cosine 


Secant 


Cotang. 


Tang. 


Cosec. 


Sine 


M.| 


"^ 
















( 


)8 Deffrei 


[?S. 



(22 Degrees.) TabU of Logarithmic Sines , 



M. Sine 


621 


Cosec. 


Tang. 


D. 


Cotaog. 


Secant 


D. 

85 


Cosine 


60 




e 


9.678675 


10.426423 


9.606410 


606 


10.393590 


10.032834 


9.967166 




] 


678888 


526 


426112 


606773 


606 


393227 


032885 


85 


967115 


59 




2 


674200 


620 


425800 


607137 


605 


392863 


032936 


85 


967064 


58 




3 


674612 


519 


425488 


607500 


605 


392500 


032987 


85 


967013 


57 




4 


674824 


619 


423176 


607863 


604 


392137 


033039 


85 


966961 


56 




b 


675136 


619 


424864 


608225 


604 


391776 


033090 


85 


966910 


55 




6 


676447 


618 


424553 


608588 


604 


391412 


033141 


65 


966859 


54 




7 


676758 


618 


424242 


608950 


603 


391050 


033192 


85 


966808 


53 




8 


676069 


617 


423931 


609312 


603 


390688 


033244 


86 


966756 


53 




9 


676379 


617 


4i3621 


609674 


603 


390326 


033295 


86 


966705 


51 




10 
11 


676689 


616 
616 


423311 


610036 


602 
602 


889964 
10.389603 


033347 


86 

lie 


966653 


50 
49 




9.676999 


10.428001 


9.610397 


10.033398 


9.966602 




12 


677809 


516 


422691 


610759 


602 


389241 


033450 


86 


966550 


48 




13 


677618 


615 


422382 


611120 


601 


388860 


033501 


86 


966499 


47 




14 


677927 


615 


422073 


611480 


601 


388520 


033553 


86 


966447 


46 




lA 


678236 


614 


421764 


611841 


601 


388159 


033605 


86 


966395 


45 




16 


678646 


614 


421455 


612201 


600 


387799 


0336:)6 


86 


966344 


44 




17 


678853 


613 


421147 


612561 


600 


387439 


033708 


66 


966292 


43 




IB 


679162 


613 


420838 


612921 


600 


387079 


033760 
033812 


86 


966240 


42 




19 


679470 


613 


420530 


613281 


599 


386719 


86 


966188 


41 




20 
21 


679777 


612 
512 


420223 


613641 


699 
598 


386359 


033864 


86 
87 


966136 


40 
I9 




9.680085 


10.419915 


9.614000 


10 386000 


10.033915 


9.96608d 




22 


580392 


511 


419608 


614359 


596 


385641 


033967 


87 


966033 


38 




23 


580699 


611 


419301 


614716 


698 


886282 


034019 


87 


965981 


37 




24 


581005 


611 


418995 


615077 


697 


884923 


034072 


87 


965928 


36 




25 


581312 


510 


418688 


615435 


597 


384565 


034124 


87 


96587H 


35 




26 


581618 


610 


418388 


615793 


597 


384207 


034176 


87 


965824 


34 




27 


581924 


609 


418076 


616151 


596 


383849 


034228 


87 


965772 


33 




28 


582229 


509 


417771 


616509 


596 


383491 


034280 


67 


965720 


32 




29 


682535 


509 


417465 


616B67 


596 


383133 


034332 


87 


965668 


31 




30 


582840 


508 
608 


417160 


617224 


595 
595 


382776 


034385 


67 
87 


965615 


30 
29 




9.683145 


10.416655 


9.617582 


10.382418 


10.034437 


9.965563 


32 


583449 


507 


416551 


617939 


595 


382061 


034489 


87 


965511 


28 




33 


563754 


507 


416246 


618295 


694 


881705 


034542 


87 


965458 


27 




34 


584058 


606 


415942 


618652 


694 


381348 


034594 


87 


965406 


26 




86 


564861 


506 


415639 


619008 


594 


380992 


034647 


88 


965353 


25 




36 


584665 


606 


415335 


610364 


693 


380636 


034699 


88 


965301 


24 




87 


584968 


605 


415032 


619721 


693 


380279 


034752 


88 


965248 


23 




38 


686272 


506 


414728 


620076 


593 


379924 


034805 


88 


966195 


22 




39 


686674 


504 


414426 


620432 


592 


379568 


034857 


88 


965143 


21 




40 
4? 


685677 


504 
603 


414123 


620787 


592 
592 


379213 


034910 


88 


965090 


20 
19 




9.686179 


10.413821 


9.621142 


10.378858 


10.034963 


9.965037 


42 


686482 


503 


413518 


621497 


591 


376503 


035016 


88 


964984 


18 




43 


586783 


503 


413217 


621852 


591 


376148 


035069 


88 


964931 


17 




44 


587085 


602 


412915 


622207 


590 


377793 


035121 


88 


964879 


16 




45 


587386 


502 


412614 


622561 


590 


377439 


035174 


88 


964826 


15 




46 


687688 


501 


412312 


622915 


690 


377085 


035227 


88 


964773 


14 




47 


687969 


501 


412011 


623269 


689 


376731 


035281 


88 


964719 


13 




48 


588289 


501 


411711 


628623 


689 


376377 


035334 


89 


964666 


12 




49 


588590 


500 


411410 


623976 


589 


376024 


035386 


89 


964613 


11 




50 


688890 


500 
49.9 


411110 


624330 


688 

588 


375670 


035440 


89 
89 


964660 


10 




9.669190 


10.410810 


9.6246»3 


10.375317 


10.035493 


9.964507 


9 


52 


689489 


499 


410511 


635036 


588 


374964 


035546 


69 


964454 


8 


53 


589789 


499 


410211 


625388 


587 


374612 


035600 


89 


964400 


7 




54 


590088 


498 


409912 


625741 


587 


374259 


035653 


89 


964347 


6 




55 


590387 


498 


409613 


626093 


587 


373907 


035706 


89 


964294 


5 




56 


590686 


497 


409314 


636445 


686 


373555 


035760 


89 


964240 


4 




57 


590984 


497 


409016 


6:6797 


666 


373203 


035813 


89 


964187 


3 




58 


591282 


497 


408718 


627149 


586 


372851 


035867 


89 


964133 


2 




59 


591580 


496 


408420 


6-7501 


585 


372499 


035920 


89 


964080 


1 




60 


691 &78 


496 


408122 


627852 


585 


372148 


035974 


89 


964026 







Cosine 


Secant 


Gotan^ 


TanK. 


Cosec. J 




Sine 



67 Degrees. 



TangenU and Secaalt. (23 Degrees.) 



H. Sine 


D. 


Cowc 


T»ng. 


D. 


Ootang. 


Seeant 


D. 

89 


CniDB 


60 


~i 9MISJB 


~m 


10.408133 


B.6278B2 


"wfl 


10.372146 


10.635974 


8.964036 


1 893178 


498 


407824 


638203 


686 


371797 


036028 


89 


863973 


69 




495 




628664 


888 


371446 


036081 


89 


863819 


68 




495 




628908 


884 


371098 


036136 


90 


963866 


57 


4 693067 


494 




830255 


684 




036189 


90 


9S3BI1 


86 


S G93363 


494 


406637 


629606 


883 




036343 


90 


863767 


58 


« m669 


493 


406341 




883 




036396 


90 


863704 


54 


7 maso 


493 


406045 


630306 


683 


369694 


036350 


»0 


963650 


63 


8 S942SI 


493 


406749 


630666 


683 


369344 


036404 


90 


963696 




9 t94M7 


493 


408463 


631008 


882 


368996 


036468 


90 


963643 


51 


19 S94US 


493 


408188 


631358 


883 


368648 


036513 


90 


963488 


60 


11 9.e95197 


491 


10.404863 


9.631704 


583 


10.368296 


10.036566 


~m 


8.963434 


40 


13 595433 


491 


404608 


633063 


661 


367947 


036621 


90 


863378 


48 


13 695727 


491 


404273 


6%401 


581 


867899 


038676 


90 


863336 


47 


14 M6021 


490 


403979 


632780 


881 


367260 


036729 


90 


963271 


46 


15 696315 


490 


403688 


633093 


880 


366903 


036783 


90 


963217 


45 


16 «I6609 


489 


408391 


633447 


5W 


366853 


036837 


90 


863163 


44 


i; 596903 


489 


403097 


633795 


580 


366205 


036893 




863108 


43 


18 897196 


489 


402804 


104143 


679 


366657 


036946 




963064 


42 


IS (197I90 


488 


403610 


634490 


679 


866816 


(O7U01 


9 


962988 


41 


20 e»77S3 


488 


402217 


634838 
9.6351S5 


579 
578 


365163 


037065 


"91 


962945 


40 


21 9J198075 


10.401928 


10.364818 


u'.');inio 


8 962880 


32 598366 




401632 


635533 


678 


364468 


1^71 M 




862836 


38 


23 898669 




401340 


SI 


876 


364121 


o:i7-'19 






37 


24 896983 


486 


40104B 




577 


363774 


ii:i7i73 






36 


2fi 699244 


466 


400766 


636672 


577 


363428 


.i:i7:i28 






35 


m 599936 


485 


41)0464 


636919 


877 


363081 


ii;i7:(B3 




932617 


34 


27 899827 


486 


400173 


637265 


577 


362735 


<i:i7i3e 


9 


962562 


33 


28 600118 


4B6 


399862 


637611 


676 


362389 


ii:(7i»2 




962508 


33 


29 600409 


484 


399591 


637956 


57B 


363644 


ii;i7647 






31 


30 600700 


464 


399300 


63S3U3 


_576 


361698 


.«7ii02 


82 


M2398 


30 


31 8.600990 


~4B4 


10.399010 


9.638647 


575 


10.361363 


10.037667 


92 


9 062343 


39 


32 601280 


483 


308730 


638993 


575 


3610U8 


037713 


82 


9B32B8 


38 


33 601670 


483 


398430 


639337 


676 


360663 




92 




27 


34 601860 


483 


398140 


6396H2 


574 


360318 




92 


962176 


26 


35 602160 


483 


397850 


640027 


574 


369973 




92 


962123 


25 


36 602439 


483 


397661 


640371 


674 


369629 


037933 


82 


962067 


24 


37 602728 


481 


397272 


64U716 


573 




037988 


02 


962012 


23 


38 603017 


481 


396983 


6410B0 


573 


368940 


038043 


93 


861957 


22 


39 603305 


481 


396696 


641404 


573 


368696 


038098 


82 


961802 


21 


40 603894 


4B0 
480 




641747 
9.643091 


572 
672 


358263 

10.367909 


038164 
10 038209 


83 


861846 


20 
19 


41 9.603883 


10386118 


8.961781 


42 604170 


47» 


305830 


642434 


572 


367666 


038266 


82 


861736 


18 


43 604457 


479 


396543 


642777 


572 


367223 


038330 


82 


961680 


17 


44 604745 


479 


396265 


643120 


571 


366880 


038376 


93 


961624 


16 


40 606033 


47B 


3»4U6fi 


643463 


671 


366637 


058431 


93 


861669 


16 


46 606319 


476 


394661 


643606 


571 


3561U4 


038487 


93 


961613 


14 


47 606606 


478 


3U4394 


644148 




366862 


038042 


93 


961468 


13 


411 606892 


477 


394108 


6444IJ0 


570 


368610 


038698 


93 


961402 


13 


49 606179 


477 


393821 


644632 


570 


355168 


038684 


93 


861346 


11 


50 606466 


476 
4 6 


393636 


615174 


569 


354826 


038710 
10 038768 


93 


961390 


lU 
9 


Si 9.606781 


10.393349 


9,645616 


10.354484 


03 ' 861236 


03 6O7036 


4 6 


392961 


645867 


669 


3M143 


038831 


93 1 961179 


8 


63 607322 


4 6 


392678 


646190 


669 


363801 


038877 


m. 961123 


7 


64 607607 


4 8 


392393 


646510 


568 


363460 


038933 


93 j afiI0«7 




5fi 607892 


4 4 


332108 


646881 


668 


363119 


038989 


93 1 961011 


6 


56 608177 


4 4 


391823 


647222 


668 


362776 


039046 


83 960965 


4 


57 608481 


474 


391639 


647562 


667 


382138 


030101 


83 960899 


3 


as 608745 


473 


391356 


647903 


667 


352097 


0:iUI67 


94 960843 


2 


5y 609039 


473 


3l«971 


648343 


867 


351757 


039214 


94 860786 




60 609313 


473 


39U887 


648583 


866 


381417 


039270 


94 960730 





CMine 




Secant 


Cou.„g. 




T»nK. 


Coiec 


^i=i:^iis:i 



(24 Degrees.) Table of Loguithmk Sines, 



M. 



1 
2 
8 
4 
6 


7 

8 

9 

10 

11 
12 
13 
14 
16 
16 

17 

18 
19 
20 

21 
22 
23 
24 
26 
26 

27 
28 
29 
30 

31 
32 
33 
34 
36 
36 

37 
38 
39 
40 

41 
42 
43 
44 
46 
46 

47 
48 
49 
60 

61 
62 
63 
64 
66 
66 

67 
68 
69 
60 


Sine 


D. 

473 
472 
472 
472 
471 
471 
470 
470 
470 
460 
409 

409 
408 
408 
407 
467 
467 
466 
466 
466 
466 


CoMe. 


Tang. 


D. 

560 
500 
500 
500 
505 
505 
505 
504 
504 
504 
503 


CoUng. 


Secant 


D. 

94 
94 
94 
94 
94 
94 
94 
94 
94 
94 
94 

96 
96 
95 
96 
95 
96 
95 
96 
96 
96 

96 
96 
96 
95 
96 
96 
96 
96 
96 
96 

96 
96 
96 
96 
96 
96 
96 
96 
97 
97 

97 

97 
97 
97 
97 
97 
97 
97 
97 
' 97 

97 
98 
98 
98 
98 
98 
98 
98 
98 
98 


Cosine 


"I 

60 
69 
68 

67 
56 
65 
64 
63 
62 
51 
50 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 
38 

37 
36 
35 
34 
33 
3-2 
31 
30 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

19 
18 

17 
16 
15 
14 
13 
12 
11 
10 

"^ 
8 

7 
6 
6 
4 
3 
2 
1 



9.609313 

000697 
009880 
010104 
010447 
610789 
011012 
011294 
011670 
611868 
612140 


10.S906B7 
890403 
390120 
889630 
389663 
889271 
888988 
388708 
388424 
388142 
887880 


9.048688 
048923 
048203 
048602 
048942 
060281 
060620 
060969 
051297 
051636 
651974 


10.351417 
351077 
850737 
850398 
850068 
348719 
349380 
349041 
348703 
348364 
848020 


19-099270 
•98326 
099383 
«39439 
098495 
090662 
699608 
099665 
099721 
099778 
039835 


9.960730 
90O874 
960618 
900661 
966506 
900448 
960992 
906336 
960279 
966222 
960165 


9.612421 
612702 
612983 
613204 
013646 
013826 
014106 
614386 
614666 
614944 


100187679 
387298 
387017 
380736 
380466' 
380176 
386806 
386016 
386336 
386066 


9.052312 
058060 
052988 
053320 
053663 
054000 
054337 
064674 
655011 
055348 


503 
603 
563 
562 
662 
562 
561 
561 
561 
561 


10.847088 
347350 
847012 
340674 
340337 
340000 
845663 
346326 
344989 
844662 


10.039691 
089948 
640005 
040062 
040118 
040176 
040232 
040289 
040346 
040404 


9.960109 
960062 
969995 
959938 
969882 
959825 
969768 
969711 
959654 
969696 


9.616223 
616602 
616781 
616060 
616338 
616616 
616894 
617172 
617460 
617727 


466 
466 
464 
464 
464 
463 
463 
462 
462 
462 


10JI84777 
384498 
384219 
383940 
383662 
383384 
383106 
382828 
ii82660 
382273 


9.066084 
050020 
060366 
666692 
667028 
667364 
667699 
668034 
668369 
668704 


560 
560 
560 
669 
669 
669 
569 
568 
668 
568 

568 
667 
667 
657 
667 
566 
666 
666 
666 
566 

666 
664 
664 
654 
654 
653 
663 
663 
653 
662 


10.344316 

843980 
343644 
:^43308 
342972 
342636 
342301 
341966 
341631 
341296 


10.040461 

040618 
040576 
040632 
040690 
040747 
040806 
040862 
040919 
040977 


9.959599 
969482 
959426 
969368 
969310 
969253 
969196 
959138 
969081 
969023 


9.618004 
618281 
618668 
618834 
619110 
619386 
619662 
619938 
620213 
620488 


461 
461 
461 
460 
460 
460 
459 
459 
459 
468 

458 
457 
467 
457 
456 
456 
456 
455 
455 
455 


10.381996 
381719 
381442 
:^81166 
280890 
:{80614 
380338 
380062 
379787 
379512 


9.669039 
669373 
669708 
660042 
660376 
660710 
661043 

661377 
661710 
662043 


10 340961 
340627 
^40292 
339968 
339624 
339290 

.338957 
338623 
3^8290 
337957 


10.041036 
041092 
041160 
041208 
041266 
041323 
041381 
041439 
041497 
041665 


9968965 
968908 
968850 
968792 
968734 

968677 
968619 
958561 
958563 
958445 


9.620763 
621038 
621313 
621587 
621861 
622136 
622409 
622682 
622966 
623229 


10.379237 

378962 
378687 
378413 
378139 
:77866 
b77591 
S77318 
^77044 
376771 


9.662376 
662709 
663042 
663376 
663707 
664039 
664371 
664703 
666035 
666366 


10.337624 
337291 
336958 
336625 
336293 
336961 
336629 
336297 
334966 
334634 


10.041613 
041671 
041729 

041787 
041846 
041904 
041962 
042021 
042079 
042137 


9.958387 
958329 
958271 
958213 
958154 
958066 
958638 
957V79 
957921 
957863 


9.623602 
623774 
624047 
624319 
624591 
624863 
625135 
626406 
625677 
626948 


464 
454 
454 
453 
453 
453 
452 
452 
452 
451 


10.376498 
376226 
375953 
375681 
376409 
376137 
374865 
374594 
374323 
374062 


9.666697 
666029 
666360 
666691 
667021 
667352 
667682 
668013 
668343 
668672 


662 
652 
661 
661 
661 
651 
660 
650 
650 
660 


10.334303 
33^971 
33.640 
33.5309 
332979 
332648 
332318 
331987 
331667 
331328 


10.042196 
042254 
042313 
042372 
042430 
042489 
042648 
042607 
042666 
042724 


9.957804 
957746 

967687 
957628 
957570 
957511 
957452 
957^93 
957335 
957276 


L 


CoBine 


Secant 


Ckrtatig. 


Tang. 


Cosec. 


Sine 



65 Degrees. 



Tangenii and Secants. (25 Degreei^.) 



M 
C 


Sine 


D. 


Cosec 


Tang. 


D. 

650 


Cotang. 


Secant 


D. 

98 


Cosine 


~2 


1 9.025048 


451 


10.374062 


9.668673 


10.331327 


10.042724 


9.957276 


60 


1 


026219 


451 


373781 


669002 


649 


330998 


042783 


98 


957217 


59 


2 


' 026490 


451 


373510 


669332 


649 


330668 


042842 


98 


957158 


58 


a 


1 626760 


450 


373240 


6K9661 


649 


330839 


042901 


98 


957099 


67 


4 


i 627030 


450 


372970 


669991 


648 


330009 


042960 


98 


957040 


66 


6 


627300 


450 


372700 


670320 


648 


329680 


043019 


98 


956981 


66 


6 


627570 


449 


372430 


670649 


648 


329351 


043079 


99 


956921 


54 


7 


627840 


449 


372160 


670977 


648 


329023 


043138 


99 


956862 


53 


8 


628109 


449 


371891 


671306 


647 


328694 


043197 


99 


956603 


62 


9 


628378 


448 


371622 


671634 


647 


328366 


043256 


99 


956744 


61 


10 
IT 


628647 


448 
447 


371353 


671963 


647 


328037 


043316 


99 
99 


956684 


60 
I9 


9.628916 


10.371084 


9.672291 


647 


10.327709 


10.043375 


9.966626 


12 


629185 


447 


370815 


672619 


646 


327381 


043434 


99 


966666 


48 


13 


629453 


447 


370547 


672948 


646 


327053 


043494 


99 


956506 


47 


14 


629721 


446 


370279 


673274 


646 


326726 


043553 


99 


966447 


46 


15 


629989 


446 


370011 


673602 


646 


326398 


043613 


99 


956387 


45 


16 


630257 


446 


369743 


673929 


646 


326071 


043673 


99 


966327 


44 


17 


630524 


446 


369476 


674257 


645 


326743 


043732 


99 


966268 


43 


18 


630792 


445 


369208 


674581 


545 


325416 


043792 


100 


956208 


42 


19 


631059 


445 


368941 


674910 


544 


325090 


043852 


100 


956148 


41 


20 
21 


631826 
9.631593 


445 


368674 


675237 


644 
544 


324763 


043911 


100 
100 


956089 


40 
39 


444 


10.368407 


9.675564 


10.324436 


10.043971 


9.966029 


22 


631859 


444 


368141 


675890 


544 


324110 


044031 


100 


955969 


38 


23 


632125 


444 


367875 


676216 


543 


323784 


044091 


100 


955909 


87 


24 


632392 


443 


367608 


676543 


543 


323457 


044151 


100 


955849 


36 


25 


632658 


443 


367342 


676869 


643 


323131 


044211 


100 


955789 


35 


26 


632923 


443 


367077 


677194 


643 


322806 


044271 


100 


955729 


34 


27 


633189 


442 


366811 


677520 


642 


322480 


044331 


lOO 


956669 


33 


28 


633454 


442 


366546 


677846 


642 


322164 


044391 


100 


955609 


32 


29 


633719 


442 


366281 


678171 


642 


321829 


044452 


100 


955548 


31 


30 
31 


633984 


441 
441 


366016 


678496 


642 


321504 


044512 


lOO 
101 


955488 


30 
29 


9.634249 


10.365751 


9.678821 


641 


10.321179 


10.044572 


9.955428 


32 


634514 


440 


365486 


679146 


641 


320854 


044632 


101 


955368 


28 


33 


634778 


440 


365222 


679471 


641 


320529 


044693 


101 


965307 


27 


34 


635042 


440 


364958 


679795 


641 


320205 


044753 


101 


955247 


26 


35 


635306 


439 


364694 


680120 


640 


319880 


044814 


101 


955186 


25 


36 


635570 


439 


364430 


680444 


640 


319556 


044874 


101 


955126 


24 


37 


635834 


439 


364166 


680768 


640 


319232 


044935 


101 


955065 


23 


38 


636097 


438 


363903 


681092 


540 


318908 


044995 


101 


955005 


22 


39 


636360 


438 


363640 


681416 


639 


318584 


045056 


101 


954944 


21 


40 


636623 


438 
437 


363377 


681740 


539 


318260 


045117 


101 
101 


954883 


20 
19 


41 


9.636886 


10.363114 


9.682063 


639 


10.317937 


10.045177 


9.954823 


42 


637148 


437 


362852 


682387 


639 


317613 


045238 


101 


954762 


18 


43 


637411 


437 


362589 


682710 


638 


317290 


045299 


101 


954701 


17 


44 


637673 


437 


362327 


683033 


538 


316967 


045360 


101 


954640 


16 


45 


637935 


436 


362065 


683356 


538 


316644 


045421 


101 


954579 


15 


4^ 


638197 


436 


361803 


683679 


638 


316321 


045482 


102 


954518 


14 


47 


638458 


436 


361542 


664001 


637 


315999 


045543 


102 


954457 


13 


4IJ 


638720 


435 


361280 


684324 


637 


315676 


045604 


102 


954306 


12 


4.9 


638981 


435 


361019 


664646 


537 


315354 


045665 


102 


954335 


11 


50 


639242 


435 


360758 


684968 
9.685290 


537 
636 


315032 


045726 


102 
102 


954274 


10 
9 


51 


9.639503 


434 


10.360497 


10.314710 


10.045787 


9.954213 


52 


639764 


434 


360236 


685612 


536 


314388 


045848 


102 


954152 


8 


A3 


640024 


434 


359976 


685934 


636 


314066 


045910 


102 


954090 


7 


54 


640284 


433 


359716 


686255 


536 


313745 


045971 


102 


954029 


6 


55 


640544 


433 


359456 


686577 


535 


313423 


046032 


102 


953968 


5 


5f> 


640804 


433 


359196 


686898 


635 


313102 


046094 


102 


953906 


4 


57 


641064 


432 


358936 


687219 


635 


312781 


046155 


102 


953845 


3 


5/f 


641324 


432 


358677 


687540 


535 


312460 


046217 


102 


953783 


2 


59 


641584 


432 


358416 


687861 


634 


312139 


046278 


103 


953722 


I 


60 


641842 


431 


358158 


688182 


534 


311818 


046340 


103 


953660 







Cosine. 


Secant 


Cotang. 


Tang. 


Coflec. 


Sine 


M. 



64 Degrees. 



(26 Degrees.) Table of LogarUhmk Sines, 



Jm7 


8ioe 


D. 


Co.ec 


Tang. 


D. 


Cotaog. 


SecBOt 


1>. 


Ckwioe 




9.641842 


431 


10.858158 


0.688182 


534 


10 311818 


10.046840 


103 


9.953660 


60 


1 


642101 


431 


857899 


688502 


. 634 


311488 


046401 


103 


953509 


SO 


2 


642360 


431 


857640 


688823 


534 


311177 


046463 


103 


953587 


58 


3 


642618 


430 


857382 


689143 


633 


310657 


046525 


103 


953475 


67 


4 


642877 


430 


357123 


689463 


533 


310537 


046587 


103 


953413 


56 


6 


643186 


430 


856865 


089783 


533 


3IQ217 


046648 


103 


953352 


55 


6 


643303 


430 


356607 


690103 


583 


309897 


046710 


103 


953290 


54 


7 


643650 


429 


356350 


690423 


633 


309577 


046772 


103 


953228 


53 


8 


643806 


429 


856092 


690742 


532 


309258 


046834 


103 


953166 


52 


9 


644165 


429 


855835 


691062 


582 


300938 


046896 


103 


953104 


61 


10 
11 


644428 


428 


855577 


691381 


582 


808619 


046958 


103 


953042 


50 
49 


9.644680 


428 


10.356320 


9.691700 


531 


10308300 


10.047020 


104 


9.952980 


12 


644936 


428 


855064 


692019 


531 


807961 


047062 


104 


952918 


48 


13 


645193 


427 


354807 


692338 


531 


307662 


047145 


104 


652855 


47 


14 


645450 


427 


354550 


692656 


531 


307344 


047207 


104 


952793 


46 


1« 


645706 


427 


354294 


692975 


531 


307025 


047269 


m 


952731 


45 


16 


645962 


426 


854038 


693293 


530 


306707 


047331 


104 


952669 


44 


17 


646218 


426 


353782 


693612 


530 


306388 


047394 


104 


952606 


43 


18 


646474 


426 


353526 


603930 


530 


806070 


047456 


104 


952544 


42 


19 


646729 


425 


353271 


694248 


530 


805752 


047519 


104 


052481 


41 


20 
21 


646984 


425 


353016 


694566 


529 


305434 
10J05117 


047581 


104 


952419 


40 
3» 


9.647240 


425 


10.352760 


9.694883 


529 


10.047644 


104 


9.952356 


22 


647494 


424 


352506 


695201 


529 


304799 


047706 


104 


952294 


38 


23 


647749 


424 


352251 


695518 


529 


304482 


047769 


104 


952231 


37 


24 


648004 


424 


351996 


795836 


529 


304164 


047832 


105 


952168 


36 


2A 


658258 


424 


351742 


696153 


528 


303847 


047894 


105 


952106 


3d 


2H 


648512 


423 


351488 


696470 


528 


303530 


047957 


105 


952043 


34 


27 


648766 


423 


351234 


696787 


528 


303213 


048020 


105 


951980 


33 


28 


649020 


423 


350980 


697103 


528 


302897 


048063 


105 


951917 


32 


29 


649274 


422 


350726 


697420 


527 


302580 


048146 


105 


951854 


31 


30 


649527 


422 


350473 


697736 


527 
527 


302264 


048209 


105 


951791 


30 
29 


9.649781 


422 


10.350219 


9.698053 


10.301947 


10.048272 


105 


9951728 


32 


650034 


422 


349966 


698369 


527 


301631 


048335 


105 


951665 


28 


33 


650287 


421 


349713 


698685 


526 


301315 


048390 


105 


951602 


27 


34 


650539 


421 


349461 


699001 


526 


300999 


048461 


105 


951539 


26 


35 


650792 


421 


349208 


699316 


526 


300684 


048524 


105 


951476 


25 


36 


651044 


420 


358956 


699632 


526 


300368 


048588 


105 


951412 


24 


37 


651297 


420 


348703 


699947 


526 


300053 


048651 


106 


951349 


23 


38 


651549 


420 


348451 


700263 


525 


299737 


048714 


106 


951286 


22 


39 


651800 


419 


348200 


700578 


525 


299422 


048778 


106 


951222 


21 


40 
7\ 


952052 


419 


347948 


700893 


525 
524 


299107 


048841 


106 


951159 


20 
19 


0.652304 


419 


10.347696 


9.701208 


10.298792 


10.048904 


106 


9.951096 


42 


652555 


418 


347445 


701523 


524 


298477 


048968 


1U6 


951032 


16 


43 


652806 


418 


347194 


701837 


524 


298163 


049032 


106 


950968 


17 


44 


653057 


418 


346943 


702152 


624 


297848 


049095 


106 


95O905 


16 


45 


653308 


418 


346692 


702466 


524 


297534 


049159 


106 


950841 


13 


46 


653558 


417 


346442 


702780 


523 


297220 


049222 


106 


950778 


U 


47 


653808 


417 


346192 


703095 


523 


296905 


049286 


106 


950714 


13 


48 


654059 


417 


345941 


763409 


523 


296591 


049350 


106 


950650 


12 


49 


654309 


416 


345691 


703723 


523 


296277 


049414 


106 


950586 


11 


50 
5? 


654558 


416 
416 


345442 


704036 


522 
522 


295964 


049478 


107 
107 


950522 


10 
9 


9.654808 


10.345192 


9.704350 


10.295650 


10.049542 


9.950458 


52 


655058 


416 


344942 


704663 


522 


295337 


049606 


107 


950394 


8 


53 


655307 


415 


344693 


704977 


522 


295023 


049670 


107 


950330 


7 


64 


655556 


415 


344444 


705290 


522 


294710 


049734 


107 


950266 


6 


55 


655805 


415 


344195 


705603 


521 


294397 


049/98 


107 


950202 


5 


56 


656054 


414 


343946 


705916 


521 


294084 


049862 


107 


950138 


4 


57 


956302 


414 


343698 


706228 


521 


293772 


049926 


107 


950U74 


3 


58 


656551 


414 


343449 


706541 


521 


293459 


049990 


107 


950010 


2 


59 


656799 


413 


343201 


706854 


521 


293146 


050055 


107 


949945 


1 


1 lis 


657047 


413 


342953 


707166 


520 


292834 


050119 


107 


949881 



Al. 


Cosine 




Secant 


Cotang. 




Tang. 


Cosec. 


8ine 



63 Degrees. 



TangenU and SecanU. (27 Degrees.) 



1 M. Sine 


D. 

413 


CoBec. 


Tang. 


D. 


Cotang. 


Secant 


D. 


Cosine 


60 


9.667047 


10.342963 


9.707166 


620 


10.292834 


10.060119 


107 


9.949881 


1 657296 


413 


342706 


707478 


620 


292622 


060184 


107 


949816 


59 


2 657642 


412 


342468 


707790 


620 


292210 


060248 


107 


949762 


68 


3 657790 


412 


342210 


708102 


620 


291898 


050312 


108 


949688 


67 


4 658037 


412 


341963 


708414 


619 


291586 


050377 


108 


949623 


66 


5 658284 


412 


341716 


708726 


619 


291274 


060442 


108 


049558 


65 


6 658531 


411 


341469 


709037 


619 


290963 


060506 


108 


949494 


64 


7 658778 


411 


341222 


709349 


619 


290661 


050671 


108 


949429 


63 


8 659026 


411 


340976 


709660 


619 


290340 


050636 


108 


949364 


62 


9 659271 


410 


340729 


709971 


618 


290029 


050700 


108 


949300 


61 


10 659617 


410 
410 


340483 


710282 


518 
618 


289718 


060766 


108 


949236 


60 
I9 


11 9.659763 


10.340237 


9.710593 


10.289407 


10.050830 


108 


9.949170 


12 660009 


409 


339991 


710904 


618 


289096 


050896 


108 


949105 


48 


13 660265 


409 


339746 


711216 


618 


288785 


050960 


108 


949040 


47 


14 660501 


409 


339499 


711526 


617 


288476 


051926 


108 


948976 


46 


15 660746 


409 


339264 


711836 


617 


288164 


061090 


108 


948910 


45 


16 660991 


408 


339009 


712146 


617 


287864 


061165 


108 


948846 


44 


17 661236 


408 


338764 


712466 


617 


287644 


051220 


109 


948780 


43 


18 661481 


408 


338619 


712766 


516 


287234 


051286 


109 


948715 


42 


19 661726 


407 


338274 


713076 


616 


286924 


051350 


109 


948660 


41 


20 661970 


407 
407 


338030 


713386 


616 


286614 


051416 


109 


948684 


40 
39 


21 9.662214 


10.337786 


9.713696 


616 


10.286304 


10.051481 


109 


9.948619 


22 662469 


407 


337640 


714005 


516 


286996 


051546 


109 


948464 


38 


23 662703 


406 


337297 


714314 


616 


285686 


051612 


109 


948388 


37 


24 662946 


406 


337064 


714624 


615 


286376 


061677 


109 


948323 


36 


2b 663190 


406 


336810 


714933 


615 


286067 


051743 


109 


948257 


35 


26 663433 


406 


336567 


715242 


615 


284758 


051808 


109 


948192 


34 


27 663677 


406 


336323 


715551 


514 


284449 


061874 


109 


948126 


33 


28 663920 


405 


336080 


715860 


614 


284140 


051940 


109 


948060 


32 


29 664163 


405 


335837 


716168 


614 


283832 


052005 


100 


947995 


31 


30 664406 




.336594 


716477 


514 
614 


283623 


062071 


100 


947929 


30 
29 


31 9.664648 


10.335352 


9.716785 


10.283215 


10.062137 


110 


9.947863 


32 664891 


404 


335109 


717093 


613 


282907 


052203 


110 


947797 


28 


33 665133 


403 


334867 


717401 


613 


282599 


052269 


110 


947731 


27 


34 665376 


403 


334626 


717709 


513 


282291 


052335 


no 


947665 


26 


35 665617 


403 


334383 


718017 


613 


281983 


062400 


no 


947600 


25 


36 665869 


402 


334141 


718325 


513 


281676 


052467 


no 


947533 


24 


37 666100 


402 


333900 


718633 


612 


281367 


052533 


no 


947467 


23 


38 666342 


402 


333658 


718940 


612 


281060 


052599 


no 


947401 


22 


39 666683 


402 


333417 


719248 


612 


280752 


052666 


no 


947335 


21 


40 666824 


401 
401 


333176 


719656 


512 
612 


280446 


052731 


no 
no 


947269 


20 
19 


41 9.667065 


10.332935 


9.719862 


10.280138 


10.062797 


9.947203 


42 667306 


401 


332695 


720169 


611 


279831 


052864 


111 


947136 


18 


43 667546 


401 


332464 


720476 


611 


279524 


052930 


111 


947070 


17 


44 667786 


400 


332214 


720783 


611 


279217 


052996 


111 


947004 


16 


45 668027 


400 


331973 


721069 


611 


278911 


053063 


111 


946937 


16 


46 668267 


400 


331733 


721396 


611 


278604 


053129 


111 


946871 


14 


47 668606 


399 


331494 


721702 


610 


278298 


053196 


111 


946804 


13 


48 608746 


399 


331254 


72^009 


610 


277991 


053262 


111 


946738 


12 


49 668986 


399 


331014 


722316 


510 


277685 


053329 


111 


946671 


11 


50 669225 


399 
398 


330775 


722621 


610 


277379 
10.277073 


063396 


111 
111 


946604 


10 
9 


51 9.669464 


10.330536 


9.722927 


610 


10.053462 


9.946538 


52 669703 


398 


330297 


723232 


609 


276768 


063529 


111 


946471 


8 


53 669942 


398 


330058 


723538 


509 


276462 


063596 


111 


946404 


7 


54 670181 


397 


329819 


723844 


609 


276156 


053663 


111 


946337 


6 


55 670419 


397 


329581 


724149 


609 


275851 


053730 


112 


946270 


6 


56 670658 


397 


329342 


724464 


609 


275546 


053797 


112 


946203 


4 


57 670896 


397 


329104 


724759 


608 


275241 


033864 


112 


946136 


3 


5H 671134 


396 


328866 


726065 


608 


274935 


053931 


112 


946069 


2 


59 671372 


396 


328628 


726369 


608 


274631 


053998 


112 


946002 


1 


60 671609 


396 


328391 


726674 


608 


274326 


064066 


112 


946935 




m7 


Cosine 


Secant 


Cotang. 




Tang. 


Cosec. 


Sine 



62 Degrees. 



(24 Degrees.) Table of Logariihmic Sines, 



M. 




Sine 


D. 


Cotec. 


Tang. 


D. 


Cotang. 


8eeant 


D. 
94 


Cosine 


W) 


9.609313 


473 


10.990687 


9.648A88 


666 


10.361417 


19-099370 


9.9607^0 


1 


609697 


472 


890403 


•48923 


666 


361077 


039326 


94 


9606/4 


hSi 


8 


609880 


472 


390120 


649263 


666 


850737 


039383 


94 


960618 


fi8 


8 


610164 


472 


889836 


649602 


666 


860898 


089439 


94 


960561 


^7 


4 


610447 


471 


389663 


649942 


666 


860068 


096496 


94 


960606 


m 


b 


610739 


471 


389271 


650281 


666 


349719 


089562 


94 


960448 


Mt 


6 


611012 


470 


888988 


660620 


666 


849380 


099608 


94 


960392 


U 


7 


611294 


470 


388706 


660969 


664 


349041 


099666 


94 


960335 


(3 


8 


611676 


470 


388424 


661297 


664 


848703 


039721 


94 


960279 


52 


9 


611868 


469 


388142 


661636 


664 


848364 


099778 


94 


960222 


h\ 


10 
11 


612140 


469 
469 


887860 


661974 


663 


848026 


099836 


94 
95 


960166 


56 
49 


9.612421 


10.887679 


9.662312 


663 


10.847688 


10.039891 


9.960109 


12 


612702 


468 


387298 


663660 


663 


847360 


039948 


96 


960062 


48 


13 


612983 


468 


387017 


662988 


663 


347012 


040006 


95 


969995 


47 


14 


613264 


467 


386736 


663326 


662 


346674 


040062 


95 


959938 


44) 


15 


613646 


467 


386466' 


653663 


662 


346337 


040118 


95 


959882 


45 


16 


613826 


467 


386176 


664000 


662 


846000 


040176 


95 


959825 


44 


17 


614105 


466 


386895 


664337 


661 


846663 


040232 


95 


969768 


4H 


18 


614386 


466 


386615 


664674 


661 


346326 


040289 


95 


959711 


42 


19 


614665 


466 


386336 


666011 


661 


344989 


040346 


95 


959654 


41 


20 
21 


614944 


465 


386066 


666348 


661 


344662 


040404 


95 
95 


959596 


46 
39 


9.615223 


465 


10.384777 


9.666684 


660 


10.344316 


10.040461 


9.969539 


22 


615502 


466 


384498 


666020 


660 


343980 


040518 


95 


959482 


38 


23 


615781 


464 


384219 


656356 


660 


343644 


040576 


95 


959425 


37 


24 


616060 


464 


383940 


656692 


659 


:^43308 


040632 


95 


959368 


36 


26 


616338 


464 


383662 


657028 


659 


342972 


040690 


96 


959310 


35 


26 


616616 


463 


383384 


657364 


559 


342636 


040747 


96 


959253 


34 


27 


616894 


463 


383106 


657699 


659 


342301 


040806 


96 


959195 


33 


28 


617172 


462 


382828 


658034 


558 


341966 


040862 96 


959138 


32 


29 


617450 


462 


iJ82550 


668369 


658 


341631 


040919 


96 


959081 


31 


30 
31 


617727 


462 


382273 


658704 


668 
658 


341296 


040977 


96 
96 


959023 


39 

9SI 


9.618004 


461 


10.381996 


9.659039 


10 340961 


10.041035 


9-958965 


32 


618281 


461 


381719 


659373 


657 


340627 


041092 


96 


958908 


26 


33 


618558 


461 


381442 


659708 


557 


;f 40292 


041150 


96 


958850 


27 


34 


618834 


460 


:^81166 


660042 


667 


3ii99d8 


041208 


96 


958792 


2f> 


3d 


619110 


460 


380890 


660376 


557 


339624 


041266 


96 


958734 


25 


36 


619386 


460 


:^80614 


660710 


656 


339290 


041323 


96 


958677 


24 


37 


619662 


459 


380338 


661043 


656 


338957 


041381 


96 


958619 


23 


38 


619938 


459 


380062 


661377 


666 


338623 


041439 


96 


958561 


22 


39 


620213 


459 


379787 


661710 


655 


3b8290 


041497 


97 


958503 


21 


40 
41 


620488 


458 
458 


379512 


662043 


555 
555 


337957 


041565 


97 

97 


958445 


26 
"l9 


9.620763 


10.379237 


9.662376 


10.337624 


10.041613 


9.958387 


42 


621038 


457 


37r,y62 


663709 


554 


337291 


041671 


97 


968329 


18 


43 


621313 


467 


378687 


663042 


654 


336958 


041729 


97 


958271 


17 


44 


621687 


457 


378413 


663375 


554 


336625 


041787 


97 


968213 


15 


45 


621861 


456 


378139 


663707 


554 


336293 


041846 


97 


958164 


15 


46 


622135 


456 


:77865 


664039 


553 


335961 


041904 


97 


958096 


U 


47 


622409 


456 


^77591 


664371 


553 


335629 


041962 


97 


958038 


13 


48 


622682 


455 


S77318 


664703 


553 


335297 


042021 


97 


957979 


12 


49 


622956 


455 


mou 


665035 


653 


334965 


042079 


97 


957921 


U 


50 
51 


623229 


455 


376771 


665366 


652 


334634 


042137 


97 
97 


957863 


10 
1 


9.623502 


454 


10.376498 


9.665697 


652 


10.334303 


10.042196 


9.967804 


52 


623774 


454 


376226 


666029 


552 


33b971 


042254 


98 


957746 


8 


53 


624047 


454 


375953 


666360 


651 


33.640 


042313 


98 


957687 


7 


54 


624319 


453 


376681 


666691 


551 


3311309 


042372 


98 


957628 


6 


65 


624591 


453 


375409 


667021 


551 


332979 


042430 


98 


957570 


5 


56 


624863 


453 


376137 


667352 


551 


332648 


042489 


98 


967511 


4 


67 


625135 


452 


374865 


667682 


550 


332318 


042548 


98 


967452 


3 


58 


625406 


452 


374594 


668013 


550 


331987 


042607 


98 


967393 


2 


59 


626677 


452 


374323 


668343 


550 


331657 


042666 


98 


957335 


1 


*" 


625948 


451 


374052 


668672 


550 


331328 


042724 


98 


967276 





1 


Cosine 


Secant 


Cotang. 


Tang. 


Cosec. 


Sine 



65 Degrees. 



Tangenii and SecanU. (25 Degree^.) 



"~0 


Sine 


D. 


Cosec 


Tang. 


D. 

650 


CoUng. 


Secant 


D. 

98 


Cosine 


60 


9.625948 


451 


10.374052 


9.668673 


10.331327 


10.042724 


9.957276 


1 


626219 


451 


373781 


669002 


549 


330998 


042783 


98 


957217 


69 


2 


626490 


451 


373510 


669332 


549 


330668 


042842 


98 


957158 


58 


3 


626760 


450 


373240 


669661 


549 


330839 


042901 


98 


957099 


57 


4 


627030 


450 


372970 


669991 


548 


330009 


042960 


98 


957040 


66 


5 


627300 


450 


372700 


670320 


648 


329680 


043019 


98 


956961 


65 


6 


627570 


449 


372430 


670649 


648 


329351 


043079 


99 


956921 


54 


7 


627840 


449 


372160 


670977 


648 


329023 


043138 


99 


966862 


53 


8 


628109 


449 


371891 


671306 


547 


328694 


043197 


99 


956803 


52 


9 


628378 


448 


371622 


671634 


547 


328366 


043256 


99 


956744 


51 


10 

n 


628647 


448 


371353 


671963 


647 


328037 


043316 


99 
"99 


956684 


60 


9.628916 


447 


10.371084 


9.672291 


647 


10.327709 


10.043375 


9.966626 


12 


629185 


447 


370815 


672619 


646 


327381 


043434 


99 


956566 


48 


13 


629453 


447 


370547 


67294G 


646 


327053 


043494 


99 


956506 


47 


14 


629721 


446 


370279 


673274 


646 


326726 


043553 


99 


956447 


46 


15 


629989 


446 


370011 


673602 


646 


326398 


043613 


99 


956367 


45 


16 


630257 


446 


369743 


673929 


645 


326071 


043673 


99 


956327 


44 


17 


630524 


446 


369476 


674257 


645 


325743 


043732 


99 


956268 


43 


18 


630792 


445 


369208 


674584 


545 


325416 


043792 


100 


956208 


42 


19 


631pd9 


445 


368941 


674910 


544 


325090 


043852 


100 


956148 


41 


20 
21 


631826 


445 


368674 


675237 


644 
544 


324763 


043911 


100 
100 


956089 


40 
39 


9.631593 


444 


10.368407 


9.675564 


10.324436 


10.043971 


9.956029 


22 


631859 


444 


368141 


675890 


544 


324110 


044031 


100 


955969 


38 


23 


632125 


444 


367875 


676216 


643 


323784 


044091 


100 


955909 


37 


24 


632392 


443 


367608 


676543 


543 


323457 


044151 


100 


955849 


36 


25 


632658 


443 


367342 


676869 


643 


323131 


044211 


100 


955789 


35 


26 


632923 


443 


367077 


677194 


643 


322806 


044271 


100 


955729 


34 


27 


633189 


442 


366811 


677520 


542 


322480 


044331 


100 


956669 


33 


28 


633454 


442 


366546 


677846 


642 


322164 


044391 


100 


955609 


32 


29 


633719 


442 


366281 


678171 


642 


321829 


044452 


100 


955548 


31 


30 
31 


633984 


441 


366016 


678496 


642 


321504 


044512 


100 
101 


955488 


30 
29 


9.634249 


441 


10.365751 


9.678821 


641 


10.321179 


10.044572 


9.955428 


32 


634514 


440 


365486 


679146 


641 


320854 


044632 


101 


955368 


28 


33 


634778 


440 


365222 


679471 


541 


320529 


044693 


101 


965307 


27 


34 


635042 


440 


364958 


679795 


641 


320205 


044753 


101 


955247 


26 


35 


635306 


439 


364694 


680120 


640 


319880 


044814 


101 


955186 


25 


36 


635570 


439 


364430 


680444 


640 


319556 


044874 


101 


955126 


24 


37 


635834 


439 


364166 


680768 


540 


319232 


044935 


101 


955065 


23 


38 


636097 


438 


363903 


681092 


640 


318908 


044995 


101 


955005 


22 


39 


636360 


438 


363640 


681416 


639 


318584 


045056 


101 


954944 


21 


40 
41 


636623 


438 
437 


363377 


681740 


639 


318260 


045117 


101 
101 


954883 


20 
19 


9.636886 


10.363114 


9.682063 


539 


10.317937 


10.045177 


9.954823 


42 


637148 


437 


362852 


682387 


539 


317613 


045238 


101 


954762 


18 


43 


637411 


437 


362589 


6H2710 


638 


317290 


045299 


101 


954701 


17 


44 


637673 


437 


362327 


683033 


538 


316967 


045360 


101 


954640 


16 


45 


637935 


436 


362065 


6B3356 


538 


316644 


045421 


101 


954579 


15 


46 


638197 


436 


361803 


683679 


638 


316321 


045482 


102 


954518 


14 


47 


638458 


436 


361542 


684001 


637 


315999 


045543 


102 


954457 


13 


48 


638720 


435 


361280 


684324 


637 


315676 


045604 


102 


954396 


12 


49 


638981 


435 


361019 


684646 


537 


315354 


045665 


102 


954335 


11 


50 
51 


639242 


435 
434 


360758 


684968 
9.685290 


537 
636 


315032 


045726 


102 
102 


954274 


10 
"9 


9.639503 


10.360497 


10.314710 


10.045787 


9.954213 


52 


639764 


434 


360236 


685612 


536 


314388 


045848 


102 


954152 


8 


53 


640024 


434 


359976 


685934 


536 


314066 


045910 


102 


954090 


7 


54 


640284 


433 


359716 


686255 


536 


313745 


045971 


102 


954029 


6 


55 


640544 


433 


359456 


686577 


535 


313423 


046032 


102 


953968 


5 


56 


640804 


433 


359196 


686898 


535 


313102 


046094 


102 


953906 


4 


57 


641064 


432 


358936 


687219 


635 


312781 


046155 


102 


953845 


3 


58 


641324 


432 


358677 


687540 


535 


312460 


046217 


102 


953783 


2 


59 


641584 


432 


358416 


687861 


534 


312139 


04627B 


103 


953722 


1 


60 


641842 


431 


358158 


688182 


534 


311818 


046340 


103 


953660 





Cosine. 


Secant 


Cotang. 


Tang. 


Cosec. 


Sine 


M. 



64 Degrees. 



(26 D^rees.) Tabie of LogarUhmic Shes, 





8ine 


D. 


■Coaec 


r«ng. 


D. 


Cotang. 


8ecHOt 


1>. 
103 


Cosine 


60 


9.641842 


431 


10.858158 


9.688182 


634 


10 311818 


10.046340 


9.953800 


1 


642101 


431 


857899 


688602 


. 684 


311498 


046401 


103 


963a09 


59 


2 


642360 


431 


857640 


688823 


634 


811177 


046463 


103 


953587 


58 


8 


642618 


430 


857382 


689143 


633 


810867 


046525 


103 


953475 


67 


4 


642877 


430 


857123 


689463 


633 


810637 


046687 


108 


953413 


56 


6 


643185 


430 


856865 


689783 


633 


810217 


046648 


103 


953352 


55 


6 


643803 


430 


856607 


690103 


638 


309897 


046710 


103 


953290 


54 


7 


643650 


429 


356350 


690423 


633 


809577 


046772 


103 


953228 


53 


8 


643908 


429 


856092 


690742 


682 


809268 


046834 


103 


953166 


52 


9 


644165 


429 


855835 


691062 


632 


306938 


046896 


103 


953104 


51 


10 
11 


644423 


428 


356577 


691881 


682 


808619 


046968 


103 


963042 


56 
49 


9.644680 


428 


10.866320 


9.691700 


631 


10.308300 


10.047020 


104 


9.952960 


12 


644936 


428 


855064 


692019 


631 


807981 


047082 


104 


952918 


48 


13 


645193 


427 


854807 


692338 


631 


307662 


047146 


104 


652855 


47 


14 


645450 


427 


354650 


692666 


631 


307344 


047207 


104 


952793 


46 


U 


645706 


427 


864294 


692975 


631 


307026 


047269 


104 


952731 


45 


16 


645962 


426 


864038 


693293 


630 


306707 


047331 


104 


952669 


44 


17 


646218 


426 


353782 


693612 


630 


306388 


047394 


104 


952606 


43 


18 


646474 


426 


853526 


693930 


630 


306070 


047466 


104 


952544 


42 


19 


646729 


425 


353271 


694248 


630 


805752 


047619 


104 


952481 


41 


20 
21 


646984 


425 


363016 


694566 


629 
629 


305434 


047681 


104 


952419 


40 
3» 


9.647240 


425 


10.352760 


9.694883 


10.305117 


10.047644 


104 


9.952356 


22 


647494 


424 


352506 


695201 


629 


804799 


047706 


104 


952294 


38 


23 


647749 


424 


352251 


695518 


629 


304482 


047769 


104 


952231 


37 


24 


648004 


424 


351996 


795836 


629 


304164 


047832 


105 


952168 


36 


25 


658258 


424 


351742 


696153 


628 


303847 


047894 


105 


952106 


35 


28 


648512 


423 


351488 


696470 


628 


303530 


047957 


105 


952043 


34 


27 


648766 


423 


351234 


696787 


628 


303213 


048020 


105 


951980 


33 


28 


649020 


423 


350980 


697103 


628 


302897 


048083 


106 


951917 


32 


29 


649274 


422 


350726 


697420 


527 


302580 


048146 


105 


951854 


31 


30 


649527 


422 


350473 


697736 


627 
627 


302264 


048209 


105 
105 


951791 


30 


9.649781 


422 


10.350219 


9.698053 


10.301947 


10.048272 


9.951728 


32 


650034 


422 


349966 


698369 


627 


301631 


048335 


105 


951665 


28 


33 


650287 


421 


349713 


698685 


626 


301315 


048390 


105 


951602 


27 


34 


650539 


421 


349461 


699001 


526 


300999 


048461 


106 


951539 


26 


36 


650792 


421 


349208 


699316 


526 


300684 


048524 


105 


951476 


25 


38 


651044 


420 


358956 


699632 


626 


300368 


048588 


105 


951412 


24 


37 


651297 


420 


348703 


699947 


626 


300053 


048661 


106 


951349 


23 


38 


651549 


420 


348451 


700263 


625 


299737 


048714 


106 


951286 


22 


39 


651800 


4J9 


348200 


700678 


525 


299422 


048778 


106 


951222 


21 


40 
41 


952052 


419 


347948 


700893 


525 
524 


299107 


048841 


106 
106 


951159 


2U 
19 


0.652304 


419 


10.347696 


9.701208 


10.298792 


10.048904 


9.951096 


42 


652555 


418 


347445 


701523 


524 


298477 


048968 


1U6 


951032 


16 


43 


652806 


418 


347194 


701837 


524 


298163 


049032 


106 


950968 


17 


44 


653057 


418 


346943 


702152 


524 


297848 


049095 


106 


950905 


16 


45 


653308 


418 


346692 


702466 


524 


297634 


049159 


106 


950841 


14 


48 


653558 


417 


346442 


702780 


523 


297220 


049222 


1(H> 


950778 


14 


47 


653808 


417 


346192 


703095 


523 


296905 


049286 


106 


950714 


13 


48 


654059 


417 


345941 


703409 


523 


296591 


049350 


106 


950650 


12 


49 


654309 


416 


345691 


703723 


523 


296277 


049414 


106 


950586 


11 


50 


654558 


416 
416 


345442 


704036 


522 
622 


295964 


049478 


107 
107 


950522 


lU 


9.654808 


10.345192 


9.704350 


10.295660 


10.049542 


9.950458 


52 


655058 


416 


344942 


704663 


522 


295337 


049606 


107 


950394 


8 


53 


655307 


415 


344693 


704977 


522 


295023 


049670 


107 


950330 


7 


54 


655556 


415 


344444 


706290 


522 


294710 


049734 


107 


950266 


6 


55 


655805 


415 


344195 


705603 


521 


294397 


049798 


107 


950202 


b 


56 


656054 


414 


343946 


705916 


521 


294084 


049862 


107 


950138 


4 


57 


956302 


414 


343698 


706228 


521 


293772 


049926 


107 


950074 


3 


58 


656551 


414 


343449 


706541 


521 


293459 


049990 


107 


950010 


4 


59 


656799 


413 


343201 


706854 


521 


293146 


050055 


107 


949945 


1 


60 


657047 


413 


342953 


707166 


620 


292834 


050119 


107 


949881 




I 


Cosine 


1 Secant 


Cotang. 


Tang. 


Cosec. 




Sine 



63 Degrees. 



TangenU and Secants, (27 Degrees.) 



M. 


Sine 


D. 

413 


Gosec. 


Tang. 


D. 


Cotang. 


Secant 


D. 


Cosine 


9.657047 


10.342953 


9.707166 


620 


10.292834 


10.060119 


107 


9.949881 


1 


657295 


413 


342705 


707478 


520 


292622 


050184 


107 


949816 


2 


657542 


412 


342458 


707790 


520 


292210 


050248 


107 


949762 


3 


657790 


412 


342210 


708102 


520 


291898 


050312 


108 


949688 


4 


658037 


412 


341963 


708414 


619 


291586 


050377 


108 


949623 


5 


658284 


412 


341716 


708726 


619 


291274 


050442 


108 


049568 


6 


658531 


411 


341469 


709037 


619 


290963 


060506 


108 


949494 


7 


658778 


411 


341222 


709349 


619 


290661 


060671 


108 


949429 


8 


659025 


411 


340975 


709660 


619 


290340 


060636 


108 


949364 


9 


659271 


410 


340729 


709971 


618 


290029 


060700 


108 


949300 


10 
11 


659517 


410 
410 


340483 


710282 


618 
618 


289718 


060766 


108 


949236 


9.659763 


10.340237 


9.710593 


10.289407 


10.060830 


108 


9.949170 


12 


660009 


409 


339991 


710904 


618 


289096 


050895 


108 


949105 


13 


660255 


409 


339745 


711215 


618 


288785 


050960 


108 


949040 


14 


660501 


409 


339499 


711525 


617 


288476 


051925 


108 


948975 


15 


660746 


409 


339254 


711836 


617 


288164 


061090 


108 


948910 


16 


660991 


408 


339009 


712146 


617 


287864 


051155 


108 


948845 


17 


661236 


408 


338764 


712456 


617 


287544 


051220 


109 


948780 


18 


661481 


408 


338519 


712766 


616 


287234 


051285 


109 


948715 


19 


661726 


407 


338274 


713076 


616 


286924 


051350 


109 


948650 


20 
21 


661970 


407 
407 


338030 


713386 


616 


286614 


051416 
10.051481 


109 


948584 


9.662214 


10.337786 


9.713696 


616 


10.286304 


109 


9.948519 


22 


662459 


407 


337540 


714005 


616 


286995 


051546 


109 


948454 


23 


662703 


406 


337297 


714314 


616 


285686 


051612 


109 


948388 


24 


662946 


406 


337054 


714624 


615 


285376 


051677 


109 


948323 


26 


663190 


406 


336810 


714933 


615 


285067 


051743 


109 


948257 


26 


663433 


405 


336567 


715242 


615 


284758 


051808 


109 


948192 


27 


663677 


405 


336323 


715551 


614 


284449 


051874 


109 


948126 


1 28 


663920 


405 


336080 


715860 


614 


284140 


051940 


109 


948060 


I ^ 


664163 


405 


335837 


716168 


614 


283832 


052005 


100 


947995 


\ 30 


664406 


404 
404 


.335594 


716477 


614 
514 


283523 


052071 


100 


947929 


31 


9.664648 


10.335352 


9.716785 


10.283215 


10.062137 


110 


9.947863 


32 


664891 


404 


335109 


717093 


513 


282907 


052203 


110 


947797 


33 


665133 


403 


334867 


717401 


613 


282599 


052269 


110 


947731 


34 


665375 


403 


334625 


717709 


613 


282291 


052335 


no 


947665 


35 


665617 


403 


334383 


718017 


513 


281983 


062400 


no 


947600 


36 


665859 


402 


334141 


718325 


613 


281675 


052467 


no 


947533 


37 


666100 


402 


333900 


718633 


612 


281367 


052533 


no 


947467 


38 


666342 


402 


333658 


718940 


512 


281060 


052599 


no 


947401 


39 


666583 


402 


333417 


719248 


612 


280752 


052665 


no 


947335 


40 
IT 


666824 


401 
401 


333176 


719555 


512 
512 


280445 


052731 


no 
no 


947269 


9.667065 


10.332935 


9.719862 


10.280138 


10.062797 


9.947203 


42 


667305 


401 


332695 


720169 


511 


279831 


052864 


111 


947136 


43 


667546 


401 


332454 


720476 


611 


279524 


052930 


111 


947070 


1 44 


667786 


400 


332214 


720783 


611 


279217 


052996 


111 


947004 


1 45 668027 


400 


331973 


721089 


511 


278911 


053063 


111 


946937 


1 46 668267 


400 


331733 


721396 


611 


278604 


063129 


111 


946871 


1 47 668506 


399 


331494 


721702 


510 


278298 


053196 


111 


946804 


1 48 


608746 


399 


331254 


72^009 


610 


277991 


053262 


111 


946738 


1 ^9 


668986 


399 


331014 


722315 


610 


277685 


053329 


111 


946671 


1 50 


669225 


399 
398 


330775 


722621 


610 


277379 
10.277073 


063396 


111 
in 


946604 


1 dl 


9.669464 


10.330536 


9.722927 


610 


10.053462 


9.946538 


52 


669703 


398 


33(»297 


723232 


509 


276768 


053529 


111 


946471 


53 


669942 


398 


330058 


723538 


509 


276462 


053596 


111 


946404 


54 


670181 


397 


329819 


723844 


509 


276156 


053663 


111 


946337 


55 


670419 


397 


329581 


724149 


509 


275851 


053730 


112 


946270 


56 


670658 


397 


329342 


724454 


609 


275546 


053797 


112 


946203 


67 


670896 


a97 


329104 


724759 


508 


275241 


033864 


112 


946136 


58 


671134 


396 


328866 


725065 


608 


274935 


053931 


112 


946069 


59 


671372 


396 


328628 


725369 


608 


274631 


053998 


112 


946002 


60 


671609 


396 


328391 


726674 


608 


274326 


054065 


112 


945935 


1 


Cosine 


Secant 


Cotang. 




Tang. 


Cosec. 




Sine 



60 
69 
68 

67 
66 
66 
64 
63 
62 
61 
60 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

^ 
38 

37 
36 
35 
34 
33 
32 
31 
30 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

"ii 

18 

17 
16 
15 
14 
13 
12 
11 
10 

9 
8 

7 
6 
6 
4 
3 
2 
1 


M. 



62 Degrees. 



9 D^KM.) T^ie of Logerithmie Stnei, 



M. 


Sloe 


D. 


Coiec 


T»°g- 


H 


Coi«.g. 


S«ul 


D. 


Co,ine 


:i 




^ 


B.B71609 


' 396 


io!32e3Ml 


9.72*874 


-^ 


10.274326 


19.064065 


112 


9.945935 


M 






671 B47 


3U« 


338153 


725979 


*oe 


274021 


064133 


112 


946868 


» 








395 


1^678 




*07 


27S7I6 


064200 


lis 


S45SO0 


S8 








39S 




*07 


373413 


054207 


112 


945733 


H 








801 






*07 


S7310e 


054334 


113 


946066 


H 








394 






*07 


273B03 


0*4403 


112 


B45693 


a 








S94 






*07 


372499 


064460 


112 


9456.11 


n 








894 


338733 




BOH 


273195 


064536 


113 


946464 


93 






073509 


394 




738109 


606 


371891 


0548O4 


113 


94U96 


?5 






673741 


393 


328359 




606 


871588 


054672 


113 


946SaB 


'i 




~n 


673977 


393 
393 


S36033 


728718 


A06 

*06 


271384 
10.370980 


054739 


113 
113 


B45K1 


^ 
& 




9.f!7«13 


10^36787 


9.73MS0 


10.054807 


9.945ISI 




IS 


li7444B 


393 


33S553 


739333 


*05 




06487* 


113 


945121 


^ 




13 


«;4liB4 


39a 


335318 


7396S6 


*05 


370374 


0*4942 


118 


94505B 


47 






(174U19 


393 


336081 


739929 


*0* 


370071 


0*6010 


113 


044990 


« 






fi7.^l55 


393 


SS4845 


730333 


505 


369767 


05*078 


113 


944922 






le 


i;7.'i390 


391 


334610 


730*36 






055148 


113 


944854 








I7.V124 


S9 


324376 


730838 


604 


369163 


065314 


113 


W4786 


43 




is 


orritiso 


39 


334141 


731141 


604 


368869 


055282 


113 


9447lt 


4} 




IB 


tijmi 


39 


323908 


731444 


604 


268.^56 


055350 


113 




1 




30 
SI 


676338 


390 
~M0 


S2367S 


731746 


604 
504 


268254 


05*418 


114 
114 


94458! 


1 




9.B7BS6S 


10Jt33436 


9.732048 


10.367952 


10.066486 


9.944514 




32 


6767y6 


390 


323204 


732351 


503 


367649 


055554 


114 


944446 


31 




S3 


877030 


390 


322970 


733663 


503 


367347 


055623 


114 


944377 


37 




34 


677264 


389 


3^2738 


733955 


603 


26704* 


055691 


114 


944309 


U 




35 


677498 


339 


322503 


733257 


603 


366743 


05*759 


114 


944341 


36 




36 


8777S1 


3B9 


322269 


733953 


603 


266442 


055828 


114 


944172 


U 




S7 


677964 


388 


322038 


733B60 


603 


366140 


055896 


114 


94411)4 


33 




S3 


678197 


388 


321803 


734162 


602 


365338 


055964 


114 


944(36 


K 




S9 


673430 


389 


321570 


734463 


502 


366537 


066033 


114 


943967 


3 




30 


678663 


388 


321337 


734764 


502 




056101 


114 


94389S 


31 




31 


9.678,195 


"W 


10.331105 


9.735066 


~602 


10.264934 


10.056170 


114 




a 




33 


679128 


387 


320072 


735367 


503 


264033 


056339 


114 


943761 


S8 




33 


679360 


387 


320640 


736668 


SOI 


264333 


056307 


115 


943693 


r 




34 


679592 


3B7 


320408 


735969 


601 


364031 


056376 


115 


943K4 


» 




3a 


679834 


388 


320176 


736269 


501 


363731 


0S644S 


116 


943655 


a 




36 


6B0(IS8 


3UH 


3 9944 


736570 


501 


3B3430 


056514 


115 


943486 


a 




37 


680288 


38H 


3 9713 


736871 


501 


363129 


066683 


115 


943417 


23 




33 


680519 


385 


3 9481 


737171 


500 


S62829 


066652 


115 


943348 


•a 




3a 


680756 


385 


3 9250 


737471 


*00 


262529 


056721 


115 


943379 


! 




40 
41 


680983 


385 


319018 


737771 


500 
~600 


282229 


066790 


115 
IT5 


943218 


20 

T 




9.681S13 


10.318787 


9.733071 


10.261929 


10.0*6859 


9.943141 




4S 


68)443 


384 


318B57 




600 


261629 


056928 




9430K 


1 




43 


681674 


384 


318326 




499 


261329 


056997 


115 


943003 


1 




44 


681905 


384 


3IBU95 




499 


261029 


067066 


115 


942934 


1 






68213* 


384 


317H6a 




499 


260729 


057136 


115 


942864 






44i 


6B2365 


383 


317635 




499 


360430 


06 305 


116 


042795 






47 


6H2SHS 


383 


317405 


739870 


499 


230130 


06 274 


1 6 


943726 






4B 


682826 


383 


317178 


740169 


499 


259831 


05 344 


1 6 


942656 






49 


6830SS 


383 


316945 


740468 


493 


259532 


05 413 




942587 






fiO 

~5i 


683284 


382 


316716 


740787 


498 


259233 


06 483 


1 6 

m 


942517 


1 




9.S835I4 


"Si 


10.316486 


9.741066 


490 


10.368934 


10.067652 


9.943443 






683743 


382 


316357 


74136S 


tm 


25363* 


057633 


116 


942378 






53 


643972 


383 


316028 


741664 


m 


2*3336 


057692 


116 


942308 






54 


6B42UI 


3H1 


315799 


741963 


497 


2*3038 


0*7761 


tl6 


942239 






S5 


6844:i0 


SHI 


31S570 


742361 


497 


257739 


0S783I 


116 


942169 






56 


684658 


381 


315342 


742559 


497 


257441 


OS7901 


116 


942099 






57 


684B87 


3110 


315113 


742868 


497 


257142 


05797! 


116 


942029 






58 


68611S 


380 


314885 


743166 


497 


258844 


058041 


116 


94I9S9 






59 


686343 


380 


314657 


7434*4 


497 


266648 


058111 


117 


941889 






60 


685671 


380 


314439 


743753 


496 


35ffiJ4B 


058181 


117 


941819 


1 






Cmine 




Stcaat 


Cound;. 




Tmg. 


Couc. 


_^ 


Sine 


M 





TangenU and Secants, (29 Degrees.) 



m. 


Sine 


D. 

380 
379 
379 
379 
379 
378 
378 
378 
378 
377 
377 

377 
377 
376 
376 
376 
376 
375 
375 
375 
375 

374 
374 
374 
374 
373 
373 
373 
373 
372 
372 

372 
.371 
371 
371 
371 
370 
370 
370 
370 
369 


Cosec. 


Tang. 


D. 

496 
496 
496 
496 
496 
496 
496 
495 
496 
495 
496 


Cotang. 


Secant 


D. 


Cosine 


60 
69 

58 

67 
66 
65 
54 
63 
52 
61 
60 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 
38 

37 
36 
35 
34 
33 
32 
31 
30 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 

19 
18 

17 
16 
15 
14 
13 
12 
11 
10 

9 
8 

7 
6 
5 
4 
3 
2 
1 


.\1. 


2 
3 
4 
5 
6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 

17 

18 
19 
20 

21 
22 
23 
24 
25 
26 

27 

28 
29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 
45 
46 

47 
48 
49 
50 


9.685572 
686799 
686027 
686254 
686482 
686709 
686936 
687163 
687389 
687616 
087843 


10.314429 
314201 
313973 
313746 
313618 
313291 
313064 
312837 
312611 
312384 
312157 


9.743752 
744050 
744348 
744645 
744943 
745240 
746538 
745835 
746132 
746429 
746726 


10.256248 
255950 
255652 
255355 
256067 
254760 
254462 
254165 
253868 
253571 
263274 


10.058181 
058251 
058321 
058391 
058461 
058531 
058602 
058672 
058742 
058813 
068883 


117 
117 
117 
117 
117 
117 
117 
117 
117 
117 
117 


9.941819 
941749 
941679 
941609 
941539 
941469 
941398 
941328 
941258 
941187 
941117 


9.688069 
688295 
688621 
688747 
688972 
689198 
689423 
689648 
689873 
690098 


10.311931 
311705 
311479 
311253 
311028 
310802 

310577 
310352 

310127 
309902 


9.747023 
747319 
747616 
747913 
748209 
748505 
748801 

749097 
749393 
749689 


494 
494 
494 
494 
494 
493 
493 
493 
493 
493 

493 
492 
492 
492 
492 
492 
492 
491 
491 
491 

491 
491 
491 
490 
490 
490 
490 
490 
490 
4U9 


10.262977 
252681 
252384 
252087 
251791 
251495 
261199 
250903 
250607 
250311 


10.058954 
059025 
059095 
059166 
059237 
059307 
059378 
059449 
059520 
059591 


118 
118 
118 
118 
118 
118 
118 
118 
118 
118 

118 
118 
118 
119 
119 
119 
119 
119 
119 
119 


9.941046 
940975 
940905 
940834 
940763 
940693 
940622 
940551 
940480 
940409 


9.690323 
690548 
690772 
690996 
691220 
691444 
691668 
691892 
692115 
692339 


10.309677 
309452 
309228 
399004 
308780 
808556 
308332 
308108 
307R85 
307661 


9.749985 
750281 
750576 
750872 
751167 
751462 
751767 
752052 
752347 
752642 


10.250015 
249719 
249424 
249128 
248833 
248538 
248243 
247948 
247653 
247358 


10.069662 
059733 
059804 
069875 
059946 
060018 
060U89 
060160 
060232 
060303 


9.940338 
940267 
940196 
940125 
940054 
939982 
939911 
939840 
939768 
939697 


9.692562 
692785 
693008 
693231 
693463 
693676 
693898 
694120 
694342 
694664 


10.307438 
307216 
306992 
306769 
306547 
306324 
306102 
305880 
305658 
305436 


9.752937 
753231 
753526 
753820 
754115 
754409 
754703 
754997 
755291 
755585 


10.247063 
246769 
246474 
2461 80 
245885 
245591 
245297 
245003 
244709 
244415 


10.060376 
060446 
060518 
060590 
060661 
060733 
060805 

0H0877 
060948 

061020 

t 


119 
119 
119 
119 
119 
120 
120 
120 
120 
120 


9.939625 
939554 
939482 
939410 
939339 
939267 
939195 
939123 
939052 
938980 


9.694786 
695007 
695229 
695450 
695671 
695892 
H96113 
696334 
69f)554 
696776 


369 
369 
369 
368 
368 
368 
368 
367 
367 
367 


10.305214 
304993 

304771 
304550 
304329 
304108 
303887 
303666 
303446 
303225 


9.755878 
766172 
756465 
756759 
767052 
757345 
767638 
757931 
768224 
758517 


489 
489 
489 
489 
489 
488 
488 
488 
488 
488 

488 
487 
487 
487 
487 
487 
487 
486 
486 
486 


10.244122 
243828 
243535 
243241 
242948 
242655 
242362 
242069 
241776 
241483 


10.061092 
061164 
061237 
061309 
061381 
061453 
061525 
061598 
061670 
061742 


120 
120 
120 
120 
120 
120 
120 
121 
121 
121 


9.938908 
938836 
938763 
938691 
938619 
938547 
938475 
938402 
938330 
938258 


51 
52 
53 
54 
55 
5f$ 

57 
58 
59 
60 


9.696995 
697215 
697435 
697664 
697874 
698094 
698313 
698532 
698751 
698970 


367 
366 
366 
366 
366 
365 
365 
365 
365 
364 


10.303005 
3(12785 
302565 
302346 
302126 
301906 
301687 
301468 
301249 
301030 


9.758810 
759102 
759395 
759687 
759979 
760272 
760564 
7608.56 
761148 
761439 


10.241190 
240898 
240605 
240313 
240021 
239728 
239436 
2c9144 
238852 
238561 


10.061816 

061887 
061960 
062033 
062105 
062178 
062251 
062324 
062396 
062469 


121 
121 
121 
121 
121 
121 
121 
121 
121 
121 


9.938185 
938113 
938040 
937967 
937895 
637822 
937749 
937676 
937604 
937531 




Cosine 


Secant 


Cotang. 


Tang. 


Cosec. 


Sine 



*s. 



(80 Degrees.) Table of Logarithmic Sines, 



|m. 


Sine 


D. 


Cosec 


Tang. 


1>. 

486 
486 
486 
486 
485 
485 
485 
485 
485 
485 
484 

484 
484 
484 
484 
484 
484 
483 
483 
483 
483 

483 
483 
482 
482 
482 
482 
482 
482 
481 
481 

481 
481 
481 
481 
481 
480 
480 
480 
480 
480 

480 
479 
479 
479 
479 
479 
479 
479 
478 
478 

478 
478 
478 
478 
478 
477 
477 
477 
477 
477 


Cotang. 


Secant 


D. 

121 
122 
122 
122 
122 
122 
122 
122 
122 
122 
122 

122 
123 
123 
123 
123 
123 
123 
123 
123 
123 

123 
123 
123 
124 
124 
124 
124 
124 
124 
124 

124 
124 
124 
124 
124 
124 
125 
126 
125 
125 

125 
125 
125 
126 
125 
125 
125 
125 
126 
126 

126 
126 
126 
126 
126 
126 
126 
126 
126 
126 


Codne 


60 
59 
58 

57 
56 
55 
54 
53 
52 
51 
50 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 

17 
16 
15 
14 
13 
12 
11 
10 

9 
8 

7 
6 
5 
4 
3 
2 
1 


w. 




1 

2 
3 
4 
5 
6 

7 

8 

9 

10 

IT 

12 
13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 
25 
26 

27 

28 
29 
30 

31 
32 
33 
34 
35 
36 

37 

38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 

57 
58 
59 
60 


9.688970 
699189 
699407 
699626 
699844 
700062 
700280 
700498 
700716 
700933 
701161 


364 
364 
364 
864 
363 
863 
363 
863 
363 
362 
362 


10.301030 
300811 
800593 
300374 
300156 
299938 
299720 
299502 
299285 
299067 
298849 


9.761439 
761731 
762023 
762314 
762606 

762897 
763188 
763479 
763770 
764061 
764352 


10.238561 
238269 

237977 
237686 
237394 
237103 
236812 
236521 
236230 
235939 
235648 


10.062469 
062542 
062616 
062688 
062762 
062835 
062908 
062981 
063054 
063128 
063201 


9.937531 
9374.58 
937385 
937312 
937238 
937165 
937092 
937019 
936946 
936872 
936799 


9.701368 
701585 
701802 
702019 
702236 
702452 
702669 
702885 
703101 
703317 


862 
362 
361 
361 
361 
361 
360 
360 
360 
360 

359 
359 
859 
359 
359 
358 
358 
358 
358 
357 


10.298632 
298415 
298198 
297981 
297764 
297548 
297331 
297115 
296899 
296683 


9.764643 
764933 
765224 
765514 
765805 
766095 
766385 
766675 
766965 
767255 


10.236367 
235067 
234776 
234486 
234195 
233905 
233615 
233325 
233035 
232745 


10.063276 
063348 
063422 
063495 
063569 
063643 
063716 
063790 
063864 
063938 


9.936725 
936652 
936578 
936505 
936431 
936357 
936284 
936210 
936136 
936062 


9.703533 
703749 
703964 
704179 
704395 
704610 
704825 
705040 
705264 
705469 


10^6467 
266251 
296036 

. 295821 
295605 
295390 
2H5175 
294960 
294746 
294631 


9767545 
767834 
768124 
768413 
768703 
768992 
769281 
769570 
769860 
770148 


10.232455 
232166 
231876 
231687 
231297 
231008 
230719 
230430 
230140 
229852 


10.064012 
064086 
064160 
064234 
064308 
064382 
004457 
064531 
064605 
064680 


9>935988 
935914 
935840 
935766 
935692 
935618 
935543 
935469 
935395 
935320 


9.705683 
705898 
706112 
706326 
706539 
706753 
706967 
707180 
707393 
707606 


357 
357 
357 
356 
356 
356 
356 
355 
355 
355 

355 
354 
354 
354 
354 
353 
353 
363 
353 
353 

352 
352 
352 
352 
351 
351 
351 
351 
350 
350 


10.294317 
294102 
293888 
293674 
293461 
293247 
293033 
292820 
292607 
292394 


9,770437 
770726 
771015 
771303 
771692 
771880 
772168 
772457 
772745 
773033 


10.229563 
229274 
228985 

228697 
228408 
228120 
227832 
227643 
227255 
226967 


10.064754 
064829 
064903 
064978 
065062 
065127 
066202 

066277 
065351 

065426 


9.935246 
935171 
935097 
935022 
934948 
934873 
934798 
934723 
934649 
934574 

9.934499 
934424 
934349 
934274 
934199 
934123 
934048 
933973 
933898 
933822 


9.707819 
708032 
708245 
708458 
708670 
768882 
709094 
709306 
709518 
709730 


10.292181 
291968 
291755 
291542 
291330 
291118 
290906 
290694 
290482 
290270 


9773321 
773608 
773896 
774184 
774471 
774769 
775046 
775333 
775621 
776908 


10.226679 
226392 
226104 
226816 
225529 
225241 
224964 
224667 
224379 
224092 


10.065501 
065576 
066651 
065726 
065801 

065877 
065952 
066027 
066102 
066178 


9.709941 
710153 
710364 
710576 
710786 
710997 
711208 
711419 
711629 
711839 


10.290069 
289847 
289636 
289425 
289214 
289003 
288792 
288581 
288371 
288161 


9.776195 
776482 
776769 
777055 
777342 
777628 
777915 
778201 
778487 
778774 


10.223806 
223518 
223231 
222945 
222658 
222372 
222085 
221799 
221512 
221226 


10.066253 
066329 
066404 
066480 
066655 
066631 
066707 
066783 
066869 
066934 


9.933747 
933671 
933596 
933520 
933445 
933369 
933293 
933217 
933141 
933066 


Cosine 




Secant 


Cotang. 




Tang. 


Cosec. 


Sine 



59 Degrees. 



Tangents and' SecanU. (31 Degrees.) 



M 

( 

] 

i 

4 

6 

7 

8 

9 

10 

H 
12 
13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 
25 
25 
27 
2l\ 
29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


Sine 


D. 

360 
350 
350 
349 
349 
349 
349 
349 
348 
348 
348 

348 
347 
347 
347 
347 
317 
346 
346 
346 
346 

346 
346 
345 
345 
345 
344 
344 
344 
344 
343 

343 
343 
343 
343 
342 
342 
342 
342 
341 
341 

341 
341 
340 
340 
340 
340 
340 
339 
339 
339 

339 
339 
338 
338 
338 
338 
337 
337 
337 
337 


Cosec. 


Tang. 


D. 

477 
477 
476 
476 
476 
476 
476 
476 
476 
475 
475 

475 
475 
475 
475 
475 
475 
474 
474 
474 
474 

474 
474 
473 
473 
473 
473 
473 
473 
473 
472 

472 
472 
472 
472 
472 
472 
471 
471 
471 
471 

471 
471 

471 
471 
470 
470 
470 
470 
470 
470 


Coung. 


Secant 


D. 

126 
127 
127 
127 
127 
127 
127 
127 
127 
127 
127 

127 
127 
128 
128 
128 
128 
128 
128 
128 
128 

128 
128 
128 
129 
129 
129 
129 
129 
129 
129 

129 
129 
129 
129 
129 
130 
130 
130 
130 
130 

130 
130 
130 
130 
130 
130 
130 
131 
131 
131 

131 
131 
131 
131 
131 
131 
131 
131 
131 
131 


Cosine 


60 
59 
58 

57 
56 
65 
54 
53 
62 
51 
50 

49 
48 

47 
46 
45 
44 
43 
42 
41 
40 

39 
38 

37 
36 
35 
34 
33 
32 
31 
30 

29 

28 

27 
26 
26 
24 
23 
22 
21 
20 

19 
18 

17 
16 
16 
14 
13 
12 
11 
10 

9 
8 

7 
6 
5 
4 
3 
2 
1 


.M. 


} 9.711839 

1 712050 

} 712260 

i 712469 

1 712679 

1 712889 

713098 

713303 

713517 

713726 

713935 


10.288161 
287950 
287740 
287531 
287321 
287111 
286902 
286692 
286483 
286274 
286065 


9.778774 
779060 
779346 
779632 
779918 
780203 
780489 
780775 
781060 
781346 
781631 


10.221226 
220940 
220654 
220368 
220082 
219797 
219511 
219225 
218940 
218654 
218369 


10.066934 
067010 
067086 
067162 
067238 
067315 
067391 
067467 
067543 
067620 
067696 


9.933066 
932990 
932914 
932838 
932762 
932685 
932609 
932533 
932457 
932380 
932304 


9.714144 
714352 
714561 
714769 
714978 
715186 
715394 
716602 
715809 
716017 


10.285856 
285648 
285439 
285231 
28.')022 
284814 
284606 
284398 
284191 
283983 


9.781916 
782201 
782486 

782771 
783056 
783341 
783626 
783910 
784195 
784479 


10 218084 
217799 
217514 
217229 
216944 
216659 
216374 
216090 
215805 
215521 


10.067/72 
067849 
067925 
068002 
068079 
068155 
068232 
068309 
068386 
068463 


9.932228 
932151 
932075 
931998 
931921 
931845 
931768 
931691 
931614 
931637 


9.716224 
716432 
716639 
716846 
717053 
717259 
717466 
717673 
717879 
718085 


10.283770 
283568 
283361 
283154 
282947 
282741 
282534 
282327 
282121 
281915 


9.784764 
785048 
785332 
785616 
785900 
786184 
786468 
786752 
787036 
787319 


10.215236 
214952 
21466a 
214384 
214100 
213816 
213532 
213248 
212964 
212681 


10.0i)8540 
06»617 
068694 
068771 
068848 
068925 
069002 
069079 
069157 
069234 


9.931460 
931383 
931306 
931229 
931152 
931076 
930998 
930921 
930843 
930766 


9.718291 
718497 
718703 
718909 
719114 
719320 
719525 
719730 
719935 
720140 


10.281709 
281603 

281297 
281091 
2808m 
280680 
280475 
280270 
280065 
279860 


9.787603 
787886 
788170 
788453 
788736 
789019 
789302 
789585 
789863 
790151 


10.212397 
212114 
211830 
211547 
211264 
210981 
210698 
210415 
210132 
209849 


10 069312 
069389 
069467 
069544 
069622 
069700 

069777 
069855 
069933 
07001 1 


9.930688 
930611 
930533 
930456 
930378 
930300 
930223 
930145 
930067 
929989 


9.720345 
720549 
720754 
720958 
721162 
721366 
721670 
721774 
721978 
722181 


10.279655 
279451 
279246 
279042 
278838 
278634 
278430 
278226 
278022 
277819 


9.790433 
790716 
790999 
791281 
791563 
791846 
792128 
792410 
792692 
792974 


10.209567 
209284 
209001 
208719 
208437 
208154 
207872 
207590 
207308 
207026 


10070889 
070167 
070245 
070323 
070401 
070479 
070558 
070636 
070714 
070793 


9.929911 
929833 
929755 
929677 
929599 
929521 
929442 
929364 
929286 
929207 


51 
52 
53 
54 

55 
56 

57 

58 
59 
60 


9.722385 
722588 
722791 

722994 

723197 
723400 
723603 
723805 
724007 
724210 


10.277615 
277412 
277209 
277006 
276803 
276600 

276397 
276195 
275993 
275790 


9.793256 
793538 
793819 
794101 
794383 
794664 
794945 
795227 
795608 
795789 


470 
469 
469 
469 
469 
469 
469 
469 
468 
468 


10.206744 
206462 
206181 
206899 
205617 
205336 
205055 
204773 
204492 
204211 


10.070871 
071950 
071028 
071107 
071185 
071264 
071343 
071422 
0/1501 
. 071580 


9.929129 
929050 
928972 
928893 
928815 
928736 

928657 
928578 
928499 
928420 




Cosine 


Secant 


Cotang. 


Tang. 


Cosec. 


Sine 



s 



58 Degrees. 



(33 DegTMB.) TaiU nf LoffaiOmie Suet, 



M. 


cm. 


U. 


(Jl»M. 


■l'.ng. 


D. 


Cot,ng. 


Secanl 


D. 


CoiiDC 


~ 




~j 


n.7:;i5io 


"137 


1027B7BO 


9.796789 


~m 


10.204211 


10.071380 


132 


9.938430 


60 






;:.>lll2 


337 


27aMt8 


796070 


466 




071668 


133 


928343 








7->if;i4 


330 


273386 


796381 


468 


303649 


071737 


133 


938263 


58 






TJIjilS 


336 


276184 


796632 


468 


303368 


071817 


132 


928183 


s; 






7-.-.iii7 


336 


374983 


796913 


468 


203I87 


071896 




928104 


M 






7:; -CIS 


336 


274781 


7H7194 


468 


202H06 


071976 


132 


9S8036 








Tl'.-.iJO 


33B 


274SB0 


797473 


468 


302526 


072054 


133 


927946 








7-v.';J2 


33fi 


274378 


7977M 


468 


202246 


072133 


I3i! 


927867 


S3 






;->.v.-a 


33* 


274177 


798036 


4«7 


201964 


072213 


132 


927787 








72i:uJ4 


335 




798316 


467 


201684 


072292 


I3S 


9277U8 






ID 


/■.■i;j« 


333 
~»4 


273778 


798890 


467 

467 


201404 
10.301133 


072371 
10.072461 


IM 


927629 


90 

4i 




B.73(USe 


10,373874 


9.798H77 


9.937549 






736626 


334 


373374 


7BUI87 


4117 


2U0B43 


07253O 


133 


927470 






IS 


726827 


334 


273173 


799J37 


467 


200663 


U726I0 


133 


927*90 


J7 






727027 


334 


272973 




467 


300283 


072690 


133 


!e7310 


46 






737238 


334 


272773 




466 


300003 


072769 


1.13 


927331 


41 






727428 


333 


2J287S 


800277 


466 


199733 


072840 


133 


927161 








727628 


333 


373372 


800667 


4B6 


199443 


072929 


133 


927071 


4J 




18 




333 


373172 


800836 


466 


109164 


073009 


133 


926991 


4! 








333 


371973 


StilllM 


466 


198884 


073089 


133 


92(;9I7 


41 




SO 

"si 


723227 


333 


371773 


BO 1396 


466 
^466 


IBB604 

|lD,198m 


073169 


133 
133 


936631 


40 




9.738427 


10.37IS73 


9 801675 


10.073249 


8.926781 




32 




333 


3 1374 


801985 


406 


198043 


073329 


133 


936671 


33 




23 


72882t 


332 


2 1173 


802234 


4H6 


197786 


073409 


133 


926591 


3J 




34 




332 


270IP6 


802313 


468 


197487 


073489 


134 


926511 


U 




2} 


729223 


331 


270777 


802792 


468 


197308 


07S869 


134 


926431 


a 




36 


729432 


331 


270378 


803072 


46S 


196928 


073649 


134 


936351 


u 




27 


729621 


331 


270379 


8U333) 


465 


196649 


073730 


134 


926270 


3) 




28 


729H20 


331 


270180 


803630 


408 


196370 


073810 


131 


926190 


3 




29 


730018 


330 


2H9982 


803908 


466 


196093 


073890 


134 


936110 


3 




30 
31 


7302(6 


330 


309784 


804187 


466 


195813 


073971 


134 
134 


936029 


30 
29 




9.73941S 


~M0 


10.26938(1 


9.804466 


~*M 


10.193334 


10074061 


9.93:»4I 




32 


730013 


330 


269387 


804746 


464 


198353 


074132 


134 




28 




33 


730BI1 


330 


2K9I8U 


80.1023 


464 


194977 


074312 


134 


9367SI 


21 




34 


731009 


329 


2B8991 


803302 


464 


194698 


074293 


134 


92570; 


a 




35 


731306 


329 


368794 


8056BD 


464 


194420 


074374 


134 


926620 






36 


31404 


33M 


368696 


805859 


464 


19414) 


074465 


136 


926546 


i 




37 


31602 


339 


268393 


806137 


464 


19.1863 


074533 


136 


9354B5 


23 




38 


31799 


329 


368201 


806415 


463 


193885 


074616 


136 


925384 


•r 




S9 


31996 


321: 


268004 


806693 


m 


193307 


074697 


135 


925303 


2 




40 
41 


33193 


~MB 


267807 
10.2b7610 


806971 
9l0724li 


463 
463 


193029 


07477M 


135 


926233 


20 




9.73231)0 


10.192731 


10.074869 


9 933141 




42 


732flll7 


321 


207413 


807627 


463 


192473 


074940 


135 


92.J060 


18 




43 


7;i371!4 


32B 


207216 


907605 


463 


1921 95 


075021 


136 


924979 


f 




44 


7:(-'lillO 


327 


267020 


801083 


463 


191917 


075103 


135 


924897 


It 






7:i:ti77 


327 


266823 


808361 


463 


191639 


073IB4 


138 


924816 


li 




46 


7Xa73 


327 


266627 


808638 


463 


191362 


078266 


136 


934736 


14 




47 


7Xl-.iB 


337 


266431 


808916 


462 


19108) 


078346 


136 


924664 


13 




48 




327 


366238 


U09193 


462 


190807 


073428 


136 


924372 


13 




49 




326 


2B6039 


B0H471 


462 


190539 


076309 


136 


924491 


11 




BO 


7;in.-.7 


32fi 


365843 


809748 


463 


1U0332 


075591 


136 




10 




61 


ft.7:'4«3 


~Me 


10 266647 


9.)110026 


462 


10.189978 


10 078673 


136 


9li4wii 


"i 




32 


Ml.i-lO 


32B 


264461 


810302 


463 


109698 


078764 


136 


924246 






63 




325 


365236 


8105f!0 


463 


189420 


076836 


136 


934164 


: 




M 


;:)jii;iB 


328 


265061 


B10G67 


402 


1891 43 


075917 


136 


924083 






U 


nisi 36 


33S 


264re3 


811 l»4 


461 


188866 


078:199 


136 


924001 






M 


73.i:i:i0 


32S 


364670 


811410 


461 


leB-igo 


076081 


136 


923919 






W 


7355.;6 


32S 


264475 


811687 


461 


I88:ii.f 


076163 


136 


923837 


1 




6S 


7337 IB 


324 


264381 


SII964 


461 


1BH036 


076246 


137 


923755 


2 




09 


735!II4 


324 


264086 


812241 


461 


187769 


076327 


137 


923673 






60 


736I0I' 


334 


363891 


812617 


461 


187483 


076409 


137 


933391 









Coiine 




Secsnt 


(M^e7 




TanB. 


Coi«. 




sine" 


.11 









TangeaUandSeeaaU. 


(38 Degree..) 








il. Siat 


D. 


Cmk. 


T«ng- 


D. 


CoUDg. 


SecuiL 


0. 


Cotio< 




1 9.mm 


924 


10.361891 


9B1S517 


401 


16.187492 


10.076409 


137 


B.833SBI 


60 


I 738303 


321 


263897 


812794 


461 


167206 


0764UI 


137 


92350U 


89 


3 73mz 


-324 


363502 


813070 


461 


186930 


076573 


137 


923427 


68 


3 7am2 


323 


363308 


813347 


460 


18fi6.'i3 


076655 


137 


923345 


67 


4 mm 


323 


263II4 


813623 


460 


186377 


076737 


137 


923263 


66 


« 737080 


323 




8I3UW9 


460 


1B6I0I 


076m9 


137 


S-jaioi 


55 


e 73B74 


323 


262726 


814175 


460 


1B6825 


076902 


137 


9230fje 


64 


J 7374B7 


323 


28:i533 


HU452 


46U 


I8»4a 


076934 


137 


923016 


63 


8 73rfi61 


33* 


362339 


B1473H 


460 


185272 


0771)67 


137 


923933 


53 


9 7378SS 


322 


262145 


815004 


460 


184996 


077149 


137 


9228.11 


51 


Id 73804S 


332 


261952 


815279 


460 


184721 


077333 


138 


922768 


66 


li 9.73B-241 


322 


10.261759 


9.816656 


469 


10.181145 


10.077314 


lis 


9.933686 


49 


12 738434 


322 


261566 


816831 


459 


1B416U 


077397 


138 


932603 


48 


13 738627 


321 


361373 


816107 


469 


183693 


077480 


138 


932520 


47 


14 7388M 


321 


261180 


816382 


4.'S9 


183618 


077562 


138 


922438 


46 


IS 73»013 


331 


260997 


816658 


469 


183342 


077646 


138 


932355 


45 


IS 739206 


321 


360794 


816933 


459 


183067 


077738 


136 


922272 


44 


17 730398 


l^' 


360602 


817209 


459 


182791 


077811 


138 


922169 


43 


IS 739598 


330 


360410 


817484 


469 


182616 


077894 


138 


922106 


43 


19 739783 


320 


260217 


817759 


459 


18:!24] 


077977 


138 


922023 


41 


W 739075 


320 
320 


260025 


HIB035 


458 

1S8 


181965 


078060 


138 
139 


921940 


40 
39 


21 0740167 


10.269833 


9.818310 


10.181690 


10.078143 


9 921867 


22 740359 


320 


259«41 


81 8685 


458 


1B1415 


078S26 


139 


921774 


38 


23 74O5S0 


319 


359450 


818860 


458 


18111U 


078309 


139 


921691 


37 


24 749742 


319 


269258 


819135 


458 


180865 


078393 


139 


921607 


36 


25 740934 


3ia 


259066 


819410 


458 


180590 


078476 


139 


921924 


35 


2fi 741125 


3I& 


258875 


819684 


458 


180316 


078359 


139 


921441 


34 


27 741316 


319 


258884 


819969 


458 


180011 


078643 


139 


921357 


33 


2B 741508 


318 


358492 


820234 


458 


170766 


078726 


139 


921274 


32 


29 741699 


318 


258301 


8205UB 


467 


179492 


078810 


139 


921190 


31 


30 741889 


318 
318 


253111 


U20783 


457 
1S7 


179217 


078693 


139 

m 


921107 


-. 


31 9.7420BO 


10.257920 


».H2i057 


10.178943 


10.078977 


9-921023 


32 r-ij.>7i 


318 


257729 


82l:!32 


457 


178668 


079061 


140 


920939 


28 


33 7tiim 


317 


267536 


82I60U 


457 


178394 


079 111 


no 


920866 


27 


34 j4>i;,-,2 


317 


257348 


821888 


457 


178120 






920772 


36 


3S 7431(42 


317 


257168 


822154 


457 


177346 


079312 


140 


020m 


35 


38 7430;i» 


t\l 


366967 


822429 


457 


{77571 




140 


920604 


34 


37 J4;>L'JJ 


317 


246777 


833703 


457 




079480 


140 


920620 


23 


38 74:)! 13 


316 


256587 


823977 


466 




079561 


NO 


920436 


32 


39 74am 


316 


256306 


823260 


466 




079848 


140 


920363 


21 


40 74:(7!i2 


316 


256308 


823524 


456 


176476 


079732 


140 
140 


920J68 


30 


11 9.743982 


316 


10.256018 


9.823798 


466 


10.178202 


10.078816 


9 920184 


42 44171 


3J6 


265829 


824073 


456 


175928 


079901 


140 


920009 




43 7443H1 


315 


265639 


824315 


456 


175656 


070985 


140 


920016 




44 744550 


315 


265450 


821619 


456 


1753S1 


080069 


141 


919931 




4S 44733 


316 


256261 


824893 


466 


175107 


080164 


141 


919846 




415 4492H 


315 


256072 


826166 


466 


174834 


0802311 


141 


919763 




47 45117 


315 


254883 


825139 


455 


174661 


089333 


HI 


919677 




4B 45306 


314 


254694 


835718 


465 


174387 


080407 


141 


919593 




49 45494 


314 


254506 


835986 


465 


174014 


080492 


Ul 


919.'>08 




50 456B3 


314 


254317 


828259 


465 
465 


173741 


080576 
10.080661 


141 

m 


919424 


~9 


61 974*871 


"aii 


10.254129 


9 826532 


10.173468 


9.9 9339 


62 746OG0 


314 


253941 


826805 


456 


173195 


080746 


111 


9 9254 




S3 746248 


313 


353762 


827078 


455 


172922 


086831 


141 


9 9169 




M 74«436 


313 


353664 


837361 


455 


172649 


080915 


141 


9 9085 




6S 746624 


313 


253376 


837624 


455 


172376 


081000 


141 


9 9000 




66 746812 


313 


353188 


827B97 


454 


172103 


081086 


143 


918915 




67 746999 


313 


263001 


B2S170 


454 


171830 


081170 


143 


018830 




69 747187 


S12 


252813 


828443 


454 


171566 


081266 


142 


918745 




59 747374 


312 


262826 


638716 


454 


171286 


081341 


143 


918669 




60 7475H3 


312 


362438 


828987 




171013 


081436 


m 


918574 




CodDB 




Secuit 


SSJ 


^ 


T.»K. 


CJosec. 




Sine 


M. 



(34 Degrees.) Tabk of LogarUhmic Sinet, 






Sine 


D- 


Cosec. 


laoK. 


D. 

454 


Cotaog. 


Secant 


D. 

1^ 


Cosine 


:i 


9 747502 


312 


10.252438 


9.828987 


10.171013 


10.061426 


9.918574 


60 


1 


747749 


312 


252251 


829269 


454 


170740 


081511 


142 


918489 


59 


2 


747930 


312 


252064 


829632 


454 


1704fi8 


081596 


142 


918404 


58 


3 


748123 


311 


251877 


829805 


454 


170196 


061682 


142 


918318 


57 


4 


748310 


311 


251690 


831)077 


454 


169923 


081767 


142 


918233 


56 


5 


748497 


311 


251503 


8;i0349 


453 


109651 


081853 


142 


918147 


55 


8 


748683 


311 


251317 


8306-21 


453 


169379 


081938 


142 


918062 


54 


7 


748870 


311 


251130 


8:^0893 


453 


169107 


082024 


143 


917976 


53 


8 


749050 


310 


250944 


831165 


453 


168835 


082109 


143 


917891 


52 


9 


749243 


310 


250757 


831437 


453 


168563 


082195 


143 


917805 


51 


10 
11 


749429 
9.749015 


310 
31U 


250571 


831709 


453 
453 


168291 


082281 


143 
143 


917719 


50 
49 


10.260385 


9.831981 


10.168019 


10.032366 


9.917634 


12 


749801 


310 


250199 


832253 


453 


167747 


082452 


143 


917548 


48 


13 


7499h7 


309 


250013 


882525 


453 


167476 


082638 


143 


917462 


47 


14 


750172 


309 


249828 


832796 


453 


167204 


082624 


143 


917376 


46 


15 


750358 


309 


249642 


833068 


452 


166932 


082710 


143 


917290 


45 


18 


750543 


309 


:t!49457 


833339 


452 


166661 


082796 


143 


917204 


44 


17 


760729 


309 


249271 


833611 


452 


166389 


082882 


144 


917118 


43 


18 


751914 


308 


249086 


833882 


452 


166118 


082968 


144 


917032 


42 


19 


751099 


308 


248901 


834154 


452 


165846 


083054 


144 


916946 


41 


20 

21 


751284 


308 
308 


248716 


834425 


452 
452 


165575 
10.165304 


083141 


144 
144 


916859 


40 


9.751409 


10.248531 


9.8346(J6 


10.083227 


9.916773 


39 


22 


751654 


3U8 


248346 


834967 


452 


165033 


083313 


144 


916687 


38 


23 


751839 


308 


248161 


835238 


4/2 


164762 


083400 


144 


916600 


37 


24 


752023 


307 


247977 


835509 


452 


164491 


083486 


144 


916514 


36 


25 


752208 


307 


247792 


8;i5780 


451 


10i220 


083573 


144 


916427 


35 


20 


752392 


307 


247608 


836051 


451 


163949 


083659 


144 


916341 


34 


27 


752576 


307 


247424 


836322 


451 


163678 


083746 


144 


916254 


33 


28 


752760 


307 


247240 


836593 


451 


163407 


(;83833 


145 


916167 


32 


29 


752944 


306 


247056 


836864 


451 


163136 


083919 


145 


916081 


31 


30 
31 


753128 
9753312 


306 
306 


246872 


837134 


451 


162866 


084006 


145 
146 


915994 


30 


10.246688 


9.837405 


451 


10 162595 


10.084093 


9.915907 


29 


32 


763495 


30f> 


246505 


837675 


451 


162325 


084180 


146 


915820 


28 


33 


753679 


306 


246321 


837946 


451 


162064 


084267 


145 


915733 


27 


34 


753862 


306 


246138 


8;3«2I6 


451 


161784 


084354 


145 


915646 


26 


35 


764046 


305 


245954 


83848/ 


460 


161613 


084441 


145 


915559 


25 


30 


754229 


205 


245771 


838757 


450 


161243 


084528 


141 


915472 


24 


37 


754412 


305 


245588 


839027 


450 


160973 


084615 


145 


915385 


23 


38 


754595 


305 


245405 


839297 


450 


160703 


0847O3 


145 


915297 


22 


39 


754778 


304 


245222 


839568 


450 


160432 


084790 


145 


915210 


21 


40 
41 


754960 


304 
304 


245040 


839838 


450 
450 


160162 


084877 


146 
146 


915132 


20 


9.755143 


10.244857 


9.8401(18 


10.159892 


10.084965 


9 915036 


19 


42 


755326 


304 


244674 


84(»378 


450 


169622 


085052 


146 


914948 


18 


43 


755508 


304 


244492 


840647 


450 


159363 


085140 


146 


914860 


17 


44 


755690 


304 


244310 


840917 


449 


159083 


085227 


146 


914773 


16 


45 


755872 


303 


244128 


841187 


449 


158813 


685315 


146 


914685 


15 


40 


750054 


303 


243946 


841457 


449 


158543 


085402 


146 


914598 


14 


47 


756236 


303 


243764 


J{41726 


449 


158274 


085490 


146 


914510 


13 


48 


756418 


303 


243582 


841i96 


44i» 


158004 


085578 


146 


914422 


12 


49 


756600 


303 


243400 


842266 


449 


167734 


085666 


146 


914334 


11 


50 
51 


756782 


302 
302 


243218 


842635 
9.842805 


449 
449 


157465 


085764 


147 
147 


914246 


10 


9.756963 


10.243037 


110.157195 


10.086842 


9.914158 


9 


62 


767144 


302 


242856 


843074 


449 


156926 


086930 


147 


914670 


8 


53 


757326 


302 


242674 


843343 


449 


166657 


086018 


147 


913982 


7 


54 


757507 


302 


242493 


843612 


449 


156388 


086106 


147 


913894 


6 


55 


757688 


301 


242312 


843882 


448 


156118 


086194 


147 


913806 


5 


50 


757869 


301 


242131 


844161 


448 


165849 


086282 


147 


913718 


4 


57 


758050 


301 


241960 


844420 


448 


155580 


086370 


147 


913630 


3 


58 


758230 


301 


241770 


844689 


448 


155311 


086459 


147 


913541 


2 


59 


758411 


301 


241589 


844958 


448 


155042 


086647 


147 


913453 


1 


00 


768591 


301 


241409 


845227 


448 


154773 


086636 


147 


913365 




Si 


^^^^^^ 


Cosine 


Secant 


Co tang. 




Tang. 


Cosec. 


Sine 



55 Degrees. 



Tangentt and Secants. (35 Degrees.) 



M. Sine 


D. 


Cosec. 


Tang. 


D. 

448 


Cotang. 


Secant 


D. 

147 


Cosine 


60 


9.758d91 


301 


10.241409 


9.845227 


10.154773 


10.086636 


9.91S365 


1 758772 


300 


241228 


845496 


448 


154504 


086724 


147 


913276 


59 


2 758952 


300 


241048 


845764 


448 


154236 


086813 


148 


913187 


58 


3 759132 


300 


240868 


846033 


448 


153967 


086901 


148 


913099 


67 


4 759312 


300 


240688 


846302 


448 


163698 


086990 


148 


913010 


56 


5 759492 


300 


240508 


846670 


447 


153430 


087078 


148 


912922 


55 


6 759672 


299 


240328 


816839 


447 


153161 


087167 


148 


912833 


54 


7 759862 


299 


240148 


847107 


447 


152893 


087256 


148 


912744 


53 


8 760031 


299 


239969 


847376 


447 


152624 


087346 


148 


912655 


52 


9 760211 


299 


239789 


847644 


447 


15235» 


087434 


148 


912566 


51 


10 760390 


299 


239610 


847913 


447 


152087 


087523 


148 
148 


912477 


50 
49 


1 11 9.760569 


298 


10.239431 


9.848181 


447 


10.151819 


10.087612^ 


9.912388 


1 12 760748 


298 


2H9252 


848449 


447 


151551 


087701 


149 


912299 


48 


13 760927 


298 


239073 


848717 


447 


151283 


087790 


149 


9122)0 


47 


14 761106 


298 


238894 


848986 


447 


151014 


087879 


149 


912121 


46 


15 761285 


298 


238715 


849254 


447 


150746 


087969 


149 


912031 


46 


16 761464 


298 


238536 


849322 


447 


150478 


088058 


149 


911942 


44 


17 761642 


297 


238358 


849790 


446 


150210 


088147 


149 


911853 


43 


18 761821 


297 


238179 


830058 


446 


149942 


088237 


149 


911763 


42 


19 761999 


297 


238001 


850325 


446 


149675 


088326 


149 


911674 


41 


20 762177 

21 9.762356 


297 


237823 


850593 


446 
446 


149407 


088416 


149 
149 


911584 


40 
39 


297 


10.237644 


9.850861 


10.149139 


10.088505 


9.911495 


1 22 762534 


296 


237466 


851129 


446 


148871 


088595 


149 


911405 


38 


1 23 762712 


296 


237283 


831396 


446 


148604 


088685 


150 


911315 


37 


24 76i:889 


296 


237111 


851664 


446 


148336 


088774 


150 


911226 


36 


25 763067 


296 


236933 


851931 


446 


148069 


088864 


160 


911136 


35 


26 763245 


296 


236755 


852199 


446 


147801 


088954 


150 


911046 


34 


27 763422 


29H 


236578 


852466 


446 


147534 


089044 


150 


910956 


33 


28 763fiOO 


295 


236400 


852733 


445 


147267 


089134 


150 


910866 


32 


29 763777 


295 


236223 


863001 


445 


146999 


089224 


150 


910776 


31 


30 763954 


295 


236046 


863268 


445 
445 


146732 


089314 


150 
150 


910686 


30 
29 


31 9.764131 


295 


10.236869 


9.853535 


10.146465 


10.089404 


9.910596 


32 764308 


295 


235692 


853802 


445 


146198 


089494 


150 


910506 


28 


33 764485 


294 


235515 


854069 


445 


145931 


089585 


150 


910415 


27 


34 764662 


294 


235338 


854336 


445 


145664 


089675 


151 


910325 


26 


35 764838 

36 765015 

37 765191 


294 


235162 


864603 


446 


145397 


o:?9765 


161 


910235 


25 


294 


234985 


854870 


445 


145130 


089856 


151 


910144 


24 


294 


234809 


855137 


445 


144863 


089946 


151 


910054 


23 


38 765367 


294 


234633 


856404 


445 


144596 


090037 


161 


909963 


22 


39 765544 


293 


234456 


855671 


444 


144329 


090127 


151 


909873 


21 


40 765720 


293 


234280 


855938 


444 


144062 


090218 


151 
151 


909782 


20 
19 


41 9.765896 


293 


10.234104 


9.856204 


444 


10.143796 


10 090309 


9.909691 


42 766072 


293 


233928 


856471 


444 


143529 


090399 


151 


909601 


18 


43 766247 


293 


233753 


856737 


444 


143263 


090490 


151 


909510 


17 


44 766423 


293 


233577 


857004 


444 


142996 


090581 


151 


909419 


16 


45 766598 


292 


233402 


857270 


444 


142730 


090672 


162 


909328 


16 


46 766774 


292 


233226 


857537 


444 


142463 


090763 


152 


909237 


14 


47 766949 


292 


233051 


867803 


444 


142197 


090854 


152 


909146 


13 


48 767124 


292 


232876 


858069 


444 


141931 


090945 


152 


909056 


12 


49 767300 


292 


23270O 


858336 


444 


141664 


091036 


152 


908964 


11 


50 767475 


291 


232525 


835602 


443 


141398 


091127 


152 
152 


908873 
9.908781 


10 
9 


61 9.767649 


291 


10.232351 


9.858868 


443 


10.141132 


10.091219 


52 767824 


291 


232176 


859134 


443 


140866 


091310 


152 


908690 


8 


53 767999 


291 


232001 


859400 


443 


140600 


09140) 


152 


906599 


7 


54 768173 


291 


231827 


8.J96G6 


443 


140334 


091493 


152 


908507 


6 


55 768348 


290 


231652 


859932 


443 


140068 


091584 


153 


908416 


5 


56 768522 


290 


231478 


860198 


443 


139802 


091676 


153 


908324 


4 


57 768697 


290 


231303 


860464 


443 


139536 


091767 


153 


908233 


3 


58 768871 


290 


231129 


860730 


443 


139270 


091859 


153 


908141 


2 


59 769046 


290 


230955 


860995 


443 


139005 


091951 


153 


908049 


1 


60 769219 


290 


230781 


861261 


443 


138739 


092042 


153 


907958 



M. 


Cosine 


Secant 


Cotung. 




Tang. 


("osec. 


Sine 



54 Degrees. 



(36 D^Tf u.) Table of Logarithmic Siaet, 



M. 


Him 


D. 


Coue. 


TU.J. 


D. 


C«.wg. 


S««it 


D- 


Cwlntl 




-J 


9.709210 


~290 


i«.33078i 


9861261 


443 


la 138739 


10.092942 


163 


iaam 


GO 






7«"393 


289 


230607 


861527 


443 


138473 


092134 


153 


90788S 


M 






7HaM6 


909 


230434 


S6I793 


442 


138206 


092338 


163 


907774 








7«»740 


2U9 


230360 


802058 


442 


187942 


092318 


163 


907688 


S7 






7H9913 


389 


230087 


8S3393 


449 


137677 


092410 


153 


9a7ii90 


M 






770087 


289 


229913 


862689 


44S 


137411 


092602 


163 


907498 








7702BO 


2H8 


329740 


662854 


443 


137146 


092594 


163 


9O7406 








770433 


288 


229507 


8S3119 




136881 


092680 


164 


907314 


ts 




771WM 


988 


2:9394 


863385 


442 


136615 


092778 


164 


907222 








770r7H 


28B 


229321 


863050 


443 


136350 


093371 


164 


907129 


i\ 




10 


770!'62 


288 


23904S 


063915 


442 


136066 


093963 


154 


907037 


49 
44 
47 




9.771 I2S 


988 


10.228875 


9.864180 


442 


10.135820 


10.093046 


154 


9.900915 






771 2«B 


387 


228702 


864446 


442 


135856 


093148 


164 


906852 






771470 


387 


33B630 


864710 


442 


135299 


093940 


164 


906760 






771843 


287 


328357 


861976 


441 


136025 


093333 


164 


906667 








771BI* 


287 


22816G 


866240 


441 


134780 


093426 


154 


906575 








771987 


287 


926013 


K65505 


441 


13449,-> 


093518 


164 


906492 






7 


7721 SO 


287 


327641 


865770 


441 


134230 


093611 


lis 


906389 


« 




772331 


268 


327869 


866035 


441 


I339S5 


093704 


155 


90629^1 










288 


227497 


B6630O 


441 


133700 


093790 


155 


906201 


4* 

lii 
3; 




20 


772675 


336 
^6 


227325 


668564 


441 

441 


133436 


093689 


156 


906111 




9.773347 


10.237153 


9.808829 


10 133171 


I0.0939J2 


a.oosoia 




22 


773016 


288 


236989 


667094 


441 


132906 


004075 


165 


9059JS 




773190 


288 


226810 


887358 




132842 


094168 


156 


905B32 


3a 
& 
3 

3: 
3 

28 

r 

20 
3 






773361 


286 


220639 


867623 


441 


132377 


094361 


155 


906739 






773533 


385 


228 107 


867887 


441 


132113 


094355 


185 


9056*3 






7737114 


285 


226296 


888162 


440 


1S1848 


091448 


166 


905552 




7 ml 


9tt5 


226126 


868418 


440 


131664 


094H1 


165 


905459 




7 4040 


285 


225954 


D63680 


440 


131320 


094634 


166 


9063B6 




29 
30 


7 4217 


285 


225793 


868945 


440 


laio.w 


094728 


156 


905272 




7 4388 


264 


325612 


669309 


440 


130791 


094821 


156 


906179 




9.77455a 


~M4 


10.225442 


9.869473 


440 


10.13052; 


10,094916 


^66 


9.905«eS 






■ 77472s 


2B4 


925271 


869737 


440 


130263 


095008 


166 


904992 




S3 


774B93 


284 


326101 


870001 


440 


129999 


095102 


166 


904893 






776070 


264 


334930 


870283 


440 


129735 


095196 


156 


904804 






775240 


284 


924760 


870529 


440 


129171 


0H52S9 


168 


'^'^i' 




36 


775410 


283 


224590 


870793 


440 


129207 


096363 


166 


904617 


3 
23 
22 




37 


775580 


2B3 


224420 


871067 


440 


128943 


09.i477 


156 


904523 




775750 


283 


234260 


371331 


440 


12B679 


093571 


157 


904129 




31) 
40 

~4\ 


776920 


383 


224080 


871 685 


440 


128415 


095605 


167 


904333 


2 
80 

1 




776090 


283 

283 


223910 


871849 


439 


138151 


095750 
10.095853 


157 

157 


904241 




9776259 


10.233741 


9 872112 


10.127888 


^■^i\il 




776499 


382 


233671 




439 


137624 


095947 


167 


904053 


1 
1 
1 
1 
1 

1 

1 






776598 


383 


223403 


872840 


439 


127360 


096041 


167 


903959 






776768 


282 


223232 


872903 


139 


127097 


098136 


167 


903864 






776937 


382 


233063 


873167 


439 


120S33 


096230 


157 


903770 






777 lOB 


283 


222094 


873430 


439 


126570 


096324 


157 


^l^ 




*7 


777275 


261 


232726 


673694 


439 


136306 


096419 


167 


903581 




777444 


281 


232568 


873967 


439 


126043 


096613 


157 


9034S7 








381 


222307 


874220 


439 


126780 


096606 


158 


9(13392 




M 
51 
S3 


777761 


3HI 

381 


222219 


8744S4 


439 
439 


136616 


096702 


158 

168 


90329B 
9 033203 




9-777950 


10.222050 
221881 


9,874747 


10.125253 


10,090797 




77BII9 


281 


875010 


439 


124990 


096892 


168 


9031OS 






77B2«7 


260 


321713 


876273 


438 


134727 


0969H6 


168 


003014 






54 

66 


7711456 


280 


231545 


876530 


438 


134464 


097081 


158 


902919 






7788^4 


280 


321376 


875800 


438 


124900 


097176 


158 


902894 


i 




77H7S2 


280 


921208 


876003 


438 


133937 


097371 


158 


902799 






778980 


380 


321040 


876326 


436 


123074 


09736S 


168 


902634 


; 




779 1S8 


280 


920879 


876589 


436 


123411 


097461 


169 


903539 


1 




69 
60 


7;i'2S5 


279 


220706 


878861 


438 


123149 


097656 


159 


902444 






779463 


379 


320637 


877114 


438 


122868 


0976*1 


169 


903349 


¥ 




Cmlne 


Scunt 


Cowng. 


Tung. 


COHC 


"H^ 













<37 D(«reM.) 








H. 


Sine 


1 


COMO. 


Tang. 


D. 


Cotaag. 


Secant 


D. 
169 


9 903349 60I 


9 779463 


10.220537 


9,877114 


10.132886 


10.097651 






279 


220389 




122623 


097747 


169 


903353 69 






270 


230202 




438 


122360 




169 


902168 68 1 






279 


220034 


877903 


438 


122097 




159 


902063 


67 








219887 


878165 


438 


121835 




159 


901987 


66 








219700 


878428 


438 


121572 


098128 


169 


901872 










2I9S33 


878891 


438 


131309 


098224 


159 


901776 






780634 




219360 


878953 


437 


121047 


098319 


169 


901681 


63 




780801 


278 


219199 


679218 


437 


12U784 


093415 


169 


901685 


62 




780968 


278 


21B033 


879178 


137 


120532 


093510 


15S 


901490 






781134 


378 


218S66 


679741 


437 


120269 


008606 


160 


901394 


60 




S 781301 


~27J 


10.218699 


9.B80003 


437 


10.119997 


10.098703 


180 


9.901298 


49 




7ai468 




218632 


860286 


487 


119735 


093793 


160 


901302 


48 




7816S4 




21S366 


880538 


437 


119472 


098894 


160 


90II06 


17 




7818O0 




218200 


880790 


437 


119210 


098990 


160 


901010 


48 




781986 




318034 


881063 


437 


U8918 


099086 


160 


900914 


15 




783132 




2ire«8 


881314 


437 


118686 


0991S2 


160 


90081 S 






7822iI8 




217702 


881578 


437 


118124 


999278 


160 


900722 


43 




7S3464 


276 


217536 


881839 


437 


UB161 


099374 


160 


900626 


42 


9 


782630 


276 


217370 


883101 


437 


117899 


099471 


160 


900629 


41 


20 

IT 


7837W 


276 


217204 


882363 


436 
136 


117637 


099567 


161 


900433 


40 
39 


S.782961 


10.217039 


9 882626 


10.11737s 


10 099663 


"lel 


9900337 


22 


783127 


276 


216873 


883887 


436 


117113 


099760 




900240 


38 


23 


783293 


276 


218708 


883148 


436 


116853 


099856 




900144 


87 


24 


78345R 


275 


216*12 


633110 


436 


116590 


099953 


161 


900047 


36 


2S 


7B3623 


275 


218377 


883673 


436 


116338 


100049 


161 


399961 


35 


2« 


783788 


276 


216212 


883934 


436 


116066 


1001 46 


161 


899864 


84 


27 


783853 


275 


216017 


881196 


436 


115804 


100243 


161 


899757 


33 


28 


783118 


275 


215882 


8844*7 


436 


115643 


100340 




^660 


32 


29 


783282 


374 


215718 


884719 


136 


I 16281 


100438 


161 


899584 


31 


SO 

li 


784447 


274 


215653 


S84980 


438 


115020 


100533 
10.100B30 


182 
"^82 


899467 


30 

39 




274 


10.215388 


9 886313 


~436 


10.1U76H 


9.899370 


32 




274 


215224 


385503 


436 


1I44B7 


IUO727 


162 


H99273 


28 


33 




274 


316069 


305765 


436 


114235 


100321 


182 


899176 


27 


34 


7H5I0S 


274 


214896 


BB6U26 


436 


113971 


100022 


182 


899078 


26 


35 


785269 


373 


214731 


386283 


438 


113713 


10I0I9 


162 


^3981 




38 


786433 


273 


214587 


886619 


436 


113451 


101116 


162 


898834 


24 


37 


7865S7 


273 


214403 


888810 


435 


113190 


101213 


62 


893787 


23 


38 


785781 


273 


214339 


887072 


436 


112923 


10I3I1 


62 




32 


SB 


785925 


273 


214075 


887333 


435 


112667 


I0I406 


62 


898592 


21 


40 


788069 


273 

273 


313911 
10.213748 


BB7594 
9 6B7B65 


435 

435 


112108 


101506 


63 


398494 


20 
"19 


8.78t;2i3 


10. 12146 


10,101803 


9.898397 


42 


86J16 


273 


213664 


888116 


435 


11834 


101701 


163 


898299 


13 


43 


8I1SJ9 


372 


213421 




436 


11623 


101798 


163 


898203 




44 


fi(;7t2 


272 


213258 


888639 


435 


11361 


1"1898 


163 


898101 




45 


786H06 


272 


213091 


8»R900 


435 


11100 


101994 


163 


398006 




46 


7870fi9 


372 


212931 


889160 


438 


10840 


102092 


163 


397903 




47 


7872S3 


371 


212788 


86S421 


435 


10579 


102190 


163 


897810 




48 


Taratw 


271 


213805 


8B96B2 


435 


10318 


102288 


163 


897713 




49 


7a7.ni7 


371 


212443 


88.1943 


436 


10067 


lU23t<6 


163 


897614 




GO 

"si 


_87;20 

fl787R33 


371 
371 


212280 


890204 


434 

~434 


09796 


10218f 
10.102532 


163 

164 


897616 


10 


10.312117 


9.890166 


10.109635 




t2 


788016 


371 


211955 


890726 


434 


109275 


102B80 


164 


897320 




63 


7&!1-'W 


271 


211792 


890986 


434 


109014 


102778 


164 


897222 




bi 


78ii;iro 


270 


311630 


891317 


434 


108763 


102877 


164 


^7123 




GG 


7tl«.^S2 


370 


2114G8 


891507 


434 


108493 


102976 


164 


897025 




SO 


TUHFIM 


270 


211306 


891768 


434 


108232 


103074 


164 


898926 




67 


TeilHM 


27t 


211144 


892028 


434 


107972 


103173 


64 






St 


7»IM018 




210982 


892389 


434 


107711 


103271 


64 


896739 






7mt180 




210820 


893649 


434 


107461 


103369 


64 


896031 




60 


7fi!(:i42 


^^ 


210668 


892810 


434 


107190 


103468 


64 


896633 


Id. 


Cotine 




SecBDt 


COtSDg. 




Tang. 


Ccec. 


= 


Sine 



(40 Dogrefs,) Table ef Lo^arHliiuk Sixet, 



M. 


Sine 


D. 


Conec. 


T.ns. 


4^ 


Cot»ng. 


8eci.nl 


177 


Cotin. 


60 




"^ 


.808067 


"SM 


0.101933 


9.923813 


10.076187 


10.116746 


9.884354 






800218 


SSI 


191782 


9J4070 


437 


075930 


116852 


177 


88414B 


S9 






808368 


251 


191632 


924327 


437 


075673 


116968 


177 


884042 


30 




» 


808A19 


2S0 


191481 


921583 


427 


075417 


118064 


177 


883936 


s; 






8006B9 


S50 


IU133I 


924810 


127 


075160 


116171 


177 


883829 








806819 


230 


191181 


925996 


127 


074904 


116277 


177 
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8089B9 


250 


I9103I 


939392 


127 


074648 


116383 


177 


883617 






7 


S091I9 


250 


1901)81 


931609 


127 


074391 


116490 


177 


883310 


S5 




1) 


809269 


260 


1HU731 


9MB65 


437 


074136 


116596 


177 


BBMH 


33 




f) 


809119 


249 


190581 


S2B132 


437 


073878 


116703 


178 


883297 il 




1(1 


809SB9 


249 


I9U43I 


926378 


42? 


0rJ622 


I168D9 


178 


883lal 


M 






B.6097I8 


249 


0.190282 


9-92B634 


4"27 


10 073366 


10.116916 


178 


9.883084 


19 




n 


8098*18 


249 


190132 


926890 


437 


073110 


117023 


178 


8B21I77 






VA 


810017 


249 


1B9J83 


927147 


127 


072853 


117139 


178 


81BB71 


4; 




K 


810167 


S49 


189833 


927103 


427 


072597 


] 17336 


178 


882761 


46 






810316 


248 


189664 


927699 


127 


078341 


117343 


178 


882657 


43 




Ifi 


81046& 


248 


lH9S3i 


927916 


437 


073085 


117450 


178 


B825S0 


H 




17 


810014 


248 


189386 


928171 


427 


071839 


117567 


178 


882443 


4) 




IR 


810763 


248 


189237 


9284)17 


427 


071573 


117661 


179 


882336 


4i 




19 


810912 


248 


1SH0U8 


928683 


427 


071317 


117771 


179 


883239 


41 




;jo 


811061 


248 


188939 


928940 


427 


071060 


117879 


179 


882121 


40 




^ 


9.811210 


~m 


10.188790 


9.II29I96 


«7 


10.07M04 


10.117986 


79 


9.883014 


Ib 






811358 


247 


188642 


929492 


427 


070948 


118093 


79 


881907 






23 


811507 


247 


188493 


929708 


127 


070293 


118301 


79 


861799 


37 






811635 


247 


188345 


9291(61 


426 


O70O36 


116308 


79 


88 692 


tb 






811804 


247 


188196 


930220 


4S6 




116416 


179 


88 584 


» 




51i 


811952 


847 


188048 


930479 


436 


069529 


118523 


179 


88 477 






:37 


812100 


247 


187900 


930731 


436 


069269 


118631 


179 


8SIRI 


33 




ae 


B1224B 


247 


107782 


B30987 


426 


069013 


118739 


ISO 


88 261 


J 




■2il 


812396 


216 


187604 


S31248 


426 


068757 


118817 


180 


B81163 


3 




30 
31 


812544 


946 
246 


187456 


931499 


436 
438 


068501 


118954 


180 

180 


861D46 


30 




9.812e»2 


10.187308 


9.931759 


10.068245 


10.119063 


9.880938 




32 


812M0 


2tf 


I87I60 


932010 


138 


067990 


119170 


I8U 


888830 


3S 




33 


812988 


S4S 


187013 


932266 


126 


OB7734 


119278 


180 


880732 


n 




3i 


SI31M 


246 


186861 


833(32 


436 


067478 


119387 


180 


88061 


« 




Zi 


8132B3 


.246 


188717 


832778 


436 


067223 


119495 


180 


86060S 


il 




M> 


813430 


245 


186470 


933033 


436 


066967 


119003 


180 


88030 


1 




;^7 


8I357e 


24fi 


86422 


933289 


436 


066711 


119711 


161 


88028S 


a 




^ 


813725 


24S 


86275 


933M5 


436 


086495 


119830 


181 


88018(1 


1 






S13872 


245 


86138 


933800 


438 


066300 


119938 


181 


naoar 






io 


814019 


S4fi 


8fi98I 


934096 


426 


069944 


120037 


181 


879963 


1 




41 


S314106 


~m 


10.185834 


9.934311 


m 


10.066689 


10.130145 


181 


9.87985 








814313 


24S 


185687 


9349B7 


126 


065433 


130351 


181 


87974 






4» 


R14460 


244 


18S540 


934833 


136 


065177 


120363 


181 


87963 






44 


814607 


244 


185393 


935078 


436 


064923 


120471 


181 


879521 








814763 


244 


188247 


935333 


426 


064667 


120580 


181 


e7942( 






4« 


814900 


244 


189100 


936689 


436 


064411 


120889 


161 


87931 






47 


815046 


244 


184954 


935844 


426 


064156 


13079H 


182 


879203 






44 


815193 


244 


184807 


936190 


426 


063900 


130907 


162 


879093 






49 


815339 


244 


184661 


936359 


426 


063645 


121016 


1B2 


87698 






;>0 


8154SS 
!t.81S63l 


343 
213 


184S1S 


936610 


428 
425 


063390 
10,063134 


121125 


1B2 
182 


87867 


- 




10.184368 


9.936866 


10. 12123 J 


9.8;87S« 




ni 


815778 


243 


184222 


937121 


436 


062879 


121344 


182 


87863^ 






,'ij 


819924 


243 


184076 


937S76 


426 


062624 


121453 


183 


87854 






SI 


816060 


243 


183931 


937632 


426 


063368 


121562 


IBS 


878438 






ns 


816216 


243 


183763 


937887 


435 


063113 


131672 




878326 








816361 


243 


183639 


938143 


426 


061858 


131781 


IHi 


878219 






a7 


816*07 


242 


183493 




426 


t'6l602 


121691 


183 


878IW 






;-.B 


8I66S2 


242 


183348 


938663 




061347 


IB3001 


183 


e779M 






59 


B1679H 


242 


163202 


93B918 


13; 


061092 


122110 


183 


877K« 






<iD 


816913 


242 


183057 


939163 


439 


060837 


122220 


183 


877780 






^ 


1 oiine 




Secint 


CotariK 




T.DK. 


~C^i^ 




Sine 


£ 
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2 
3 
4 
6 
6 

7 

8 

9 

10 

11 
12 
13 
14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 
25 
26 

27 
28 
29 
30 

31 
32 
33 
34 
35 
36 

37 
38 
39 
40 

41 
42 
43 
44 
45 
46 

47 
48 
49 
50 

51 
52 
53 
54 
55 
56 

57 

58 
59 
60 


Sine 


D. 

242 
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242 
242 
241 
241 
241 
241 
241 
241 
241 

240 
240 
240 
240 
240 
240 
240 
239 
239 
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238 
238 
238 
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238 
238 
237 
237 
237 
237 
237 
237 
237 
236 

236 
236 
236 
236 
236 
236 
235 
235 
235 
235 

235 
235 
235 
234 
234 
234 
234 
234 
234 
234 


Cosec. 


Tang. 


D. 

425 
425 
425 
425 
425 
425 
425 
425 
425 
425 
425 

425 
425 
425 
425 
425 
425 
425 
425 
425 
425 

425 
424 
424 
424 
424 
424 
424 
424 
424 
424 

424 
424 
424 
424 
424 
424 
424 
424 
424 
424 

424 
424 
424 
424 
424 
424 
424 
424 
424 
424 

424 
424 
424 
424 
423 
423 
423 
423 
423 
423 


Cotan^^. 


Secant 


D. 

183 
183 
183 
183 
183 
184 
184 
184 
184 
184 
184 

184 
184 
184 
185 
185 
185 
185 
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186 
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187 

187 
188 
188 
188 
188 
188 
188 
188 
188 
188 

189 
189 
189 
189 
189 
189 
189 
189 
189 
190 


Cosine 


1 


9.816943 
817088 
817233 
817379 
817524 
817668 
817813 
817958 
818103 
818247 
818392 


10.183057 
182912 
182767 
182621 
182476 
182332 
182187 
182042 

181897 
181753 
181608 


9.939163 
939418 
939673 
939928 
940183 
940438 
940694 
940949 
941204 
941458 
941714 


10.060837 
060582 
060327 
060072 
059817 
059562 
059306 
059051 
058796 
058542 
058286 


10.122220 
122330 
122440 
122550 
122660 
122770 
122880 
122990 
123101 
123211 
123322 


9.877780 
877670 
877560 
877450 
877340 
877230 
877120 
877010 
876899 
876789 
876678 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 

47 

46 
45 
44 
43 
42 
41 
40 

39 
38 

37 
36 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 

17 
16 
15 
14 
13 
12 
11 
10 

~9 
8 

7 

6 
5 
4 
3 
2 
1 


Al. 


9.818536 
818681 
818825 
818969 
819113 

819257 
819401 
819545 
819689 
819832 


10.181464 
181319 
181175 
181031 
180R87 
180744 
18'J599 
180455 
18031 1 
180168 


9.941968 
942223 
942478 
942733 
942938 
943243 
943498 
943752 
944007 
944262 


10.058032 
057777 
057622 

0572()7 
057012 
056757 
056502 
056248 
055993 
055738 


10.123432 
123543 
123653 
123764 
123875 
123986 
124096 
124207 
124318 
124429 


9.876568 
876457 
876347 
876236 
876125 
876014 
876904 
875793 
875682 
875571 


9.819976 
{120120 
820263 
8204U6 
820550 
820693 
820836 
820979 
821122 
821265 


10.180024 
179880 
179737 
179594 
179450 
179307 
179164 
179021 
17^878 
178735 


9.944517 
944771 
945026 
945281 
945535 
945790 
946045 
946299 
946554 
946808 


10.055483 
055229 
054974 
054719 
054465 
054210 
053955 
053701 
053446 
053192 


10.124541 
124652 
124763 
124874 
124986 
125097 
125209 
125320 
125432 
125544 


9.875459 
875348 
875237 
875126 
875014 
874903 
874791 
874680 
874568 
874456 


9.821407 
821550 
821693 
821835 

821977 
822120 
822262 
822404 
822546 
822688 


10.178593 
178450 
178307 
178165 
178023 
177tl80 
17773H 
177596 
177454 
177312 


9.947063 
947318 
947572 
947826 
948081 
948:i36 
948590 
948844 
949099 
949353 


10.052987 
052682 
052428 
062174 
051919 
051664 
051410 
051156 
060901 
060647 


10.125656 
125768 
125879 
125(»91 
126104 
126216 
126328 
126440 
126552 
126665 


9.874344 
874232 
674121 
874009 
873896 
873784 
873672 
873560 
873448 
873335 


9.822830 
822972 
823114 
823255 
823397 
823539 
823680 
828821 
823963 
824104 


10.177170 
177028 
176886 
176745 
176603 
176461 
176320 
176179 
176037 
175896 


9.949607 
949862 
950116 
950370 
950625 
950879 
951133 
951388 
951642 
951896 


10.060393 
060138 
049884 
049630 
049375 
049121 

0488^7 
048612 
048358 
048104 


10.126777 
126890 
127002 
127115 
127228 
127341 
127453 
127566 
127679 
127792 


9.873228 
873110 
872998 
872885 
872772 
872659 
872547 
872434 
872321 
872208 

9.872095 
871981 
871868 
871755 
871641 
871528 
871414 
871301 
871187 
871073 


9.824245 
824386 
824527 
824668 
824808 
824949 
825090 
825230 

825371 
825511 


10.175755 
175614 
175473 
175432 
175192 
175051 
174910 
174770 
174629 
174489 


9.952150 
952406 
952659 
952913 

953167 
953421 
953675 
953929 
954183 
954437 


10.047850 
047595 
047341 
047087 
046833 
046579 
048325 
046071 
045817 
045563 


10.127905 
128019 
128132 
128245 
128359 
128472 
128586 
12K699 
128813 
128927 




Cosine 




Secant 


Cotanff. 


Tanff. 


(Josec. 


Sine 



48 Degrees. 



(40 Degrees.) Table of Logarithmic Sines, 



M. 


Sine 


D. 

251 


Cosec. 


Tang. 


D. 


Cotang. 


Secant 


D- 

177 


Cosine 


60 







9.808067 


10.191933 


0.923813 427 


10.076187 


10.115746 


9.884254 




1 


808218 


251 


191782 


924070 427 


075930 


115852 


177 


884148 


59 




2 


808368 


251 


191632 


924327 


427 


075673 


115958 


177 


884042 


58 




3 


808519 


250 


191481 


924;;83 


427 


075417 


116064 


177 


883936 


57 




4 


808669 


250 


191331 


924840 


427 


075160 


116171 


177 


883829 


56 




6 


808819 


250 


191181 


925096 


427 


074904 


116277 


177 


883723 


d.*! 




6 


808969 


250 


191031 


925352 


427 


074648 


116383 


177 


883617 


54 




7 


809119 


250 


190881 


925609 


427 


074391 


116490 


177 


883510 


53 




8 


809269 


250 


190731 


925865 


427 


074135 


116596 


177 


883404 


52 




9 


809419 


249 


190581 


926122 


427 


073878 


116703 


178 


883297 


51 




10 
11 


809569 


249 
249 


190431 


926378 


427 
427 


073622 


116809 


178 

178 


883191 


50 
49 




9.809718 


10.190282 


9.926634 


10.073366 


10.116916 


9.883084 




12 


809868 


249 


190132 


926890 


427 


0731 10 


117023 


178 


882977 


48 




13 


810017 


249 


189983 


927147 


427 


072853 


117129 


178 


882871 


47 




fi 


810167 


249 


189833 


927403 


427 


072597 


117236 


178 


882764 


46 




Id 


810316 


248 


189684 


927659 


427 


078341 


117343 


178 


882657 


45 




16 


810465 


248 


189535 


927915 


427 


072085 


117450 


178 


882550 


44 




17 


810614 


248 


189386 


928171 


427 


071829 


117567 


178 


882443 


43 




18 


810763 


248 


189237 


928427 


427 


071573 


117664 


179 


882336 


42 




19 


810912 


248 


189088 


928683 


427 


071317 


117771 


179 


882229 


41 




20 
21 


811061 


248 


188939 


928940 


427 
427 


071060 


117879 


179 
179 


882121 


40 
39 




9.811210 


248 


10.188790 


9.929196 


10.070804 


10.117986 


9.882014 




22 


81 1358 


247 


188642 


929452 


427 


070548 


118093 


179 


881907 


38 




23 


811507 


247 


188493 


929708 


427 


070292 


118201 


179 


881799 


37 




24 


811655 


247 


188345 


929964 


426 


070036 


118308 


179 


881692 


36 




25 


811804 


247 


188196 


930220 


426 


069780 


118416 


179 


881584 


35 




26 


811952 


247 


188048 


930475 


426 


069525 


118523 


179 


881477 


34 




27 


812100 


247 


187900 


930731 


426 


069269 


118631 


179 


881369 


33 




28 


812248 


247 


187752 


030987 


426 


069013 


118739 


180 


881261 


32 




29 


812396 


246 


187604 


031243 


426 


068757 


118847 


180 


881163 


31 




30 
31 


812544 


246 


187456 


931499 


426 

m 


068501 


118954 


180 
180 


881046 


30 




9.812692 


246 


10.187308 


9.931755 


10.066245 


10.119062 


9.880938 


^ 


32 


812840 


246 


187160 


932010 


426 


067990 
067734 


119170 


180 


880830 


28 


83 


812988 


246 


187012 


932266 


426 


119278 


180 


880722 


27 


34 


813135 


246 


186865 


932522 


426 


067478 


119387 


180 


880613 


26 


35 


813283 


,246 


186717 


932778 


426 


067222 


119495 


180 


880606 


25 




36 


813430 


245 


186570 


933033 


426 


066967 


119603 


180 


880397 


24 




37 


813578 


245 


186422 


933289 


426 


066711 


119711 


181 


880289 


23 




38 


813725 


245 


186275 


933545 


426 


066455 


119820 


181 


880180 


22 




39 


813872 


245 


186128 


933800 


426 


066200 


119928 


181 


880072 


21 




40 
41 


814019 


245 


185981 


934056 


426 
426 


065944 


120037 


181 
181 


879963 


20 




9.814166 


245 


10.185834 


9.934311 


10.065689 


10.120145 


9.879866 


42 


814313 


245 


185687 


934567 


426 


065433 


120254 


181 


879746 


18 




43 


814460 


244 


185540 


934823 


426 


065177 


120363 


181 


879637 


17 




44 


814607 


244 


185393 


935078 


426 


064922 


120471 


181 


879629 


16 




45 


814753 


244 


185247 


935333 


426 


064667 


120580 


181 


879420 


15 




46 


814900 


244 


185100 


935589 


426 


064411 


120689 


181 


879311 


H 




47 


815046 


244 


184954 


935844 


426 


064156 


120798 


182 


879202 


13 




48 


815193 


244 


184807 


936100 


426 


063900 


120907 


182 


879093 


12 




49 


815339 


244 


184661 


936355 


426 


063645 


121016 


182 


878984 


11 




50 
51 


815485 


243 
243 


184515 


936610 


426 
425 


063390 


121125 


182 
182 


870876 


10 
9 




9.815631 


10.184368 


9.936866 


10.063194 


10.121231 


9.878766 


52 


815778 


243 


184222 


937121 


425 


062879 


121344 


182 


878666 


8 




53 


815924 


243 


184076 


937376 


425 


062624 


121453 


182 


878547 


7 




54 


816060 


243 


183931 


937632 


425 


062368 


121562 


182 


878438 6 




65 


816215 


243 


183785 


937887 


425 


062113 


121672 


182 


878328 5 




56 


816361 


243 


ia3639 


93H142 


425 


061858 


121781 


183 


878219 4 




57 


816507 


242 


183493 


938398 


425 


C61602 


121891 


ia3 


878109 3 




58 


816652 


242 


183348 


938653 


425 


061347 


182001 


183 


877999 


2 




59 


816798 


242 


183202 


938918 


425 


061092 


122110 


183 


877890 


I 




60 


816943 


242 


183057 


939163 


425 


060837 


122220 


183 


877780 



Al. 




1 osine 


i^ecant 


Cotang. 


Tan«. 


Cosec. 


Sine 




41 


) Degrees 























Tangents and Secants, (41 Degrees.) 






Sine 


D. 

242 


Cosec. 


Tang. 


D. 


(jotang. 


. Secant 


183 


Cosine 




9.816943 


10.183057 


9.939163 


425 


10.060837 


10.122220 


9.877780 


60 


1 


817088 


242 


182912 


939418 


425 


060582 


122330 


183 


877670 


59 


2 


817233 


242 


182767 


939673 


425 


060327 


122440 


183 


877560 


58 


3 


817379 


242 


182621 


939928 


425 


060072 


122550 


183 


877450 


57 


4 


817524 


241 


182476 


940183 


425 


059817 


122660 


183 


877340 


56 


b 


817668 


241 


182332 


940438 


425 


059562 


122770 


184 


877230 


55 


6 


817813 


241 


182187 


940694 


425 


059306 


122880 


184 


877120 


54 


7 


817958 


241 


182042 


940949 


425 


059051 


122990 


184 


877010 


53 


8 


818103 


241 


181897 


941204 


425 


058796 


123101 


184 


876899 


52 


9 


818247 


241 


181753 


941458 


425 


058542 


123211 


184 


876789 


51 


10 

IT 


818392 


241 
240 


181608 


941714 


425 
425 


058286 


123322 


184 
184 


876678 


50 
49 


9.818536 


10.181464 


9.941968 


10.058032 


10.123432 


9.876568 


12 


818681 


240 


181319 


942223 


425 


057777 


123543 


184 


876457 


48 


la 


818825 


240 


181175 


942478 


425 


057622 


123653 


184 


876347 


47 


14 


818969 


240 


181031 


942733 


425 


057267 


123764 


185 


876236 


46 


15 


819113 


240 


180887 


942988 


425 


057012 


123875 


185 


876125 


45 


IK 


819257 


240 


180744 


943243 


425 


056757 


123986 


185 


876014 


44 


17 


819401 


240 


18'J599 


943498 


425 


056502 


124096 


185 


875904 


43 


18 


819545 


239 


180455 


943752 


425 


056248 


124207 


185 


875793 


42 


J9 


819689 


239 


18031 1 


944007 


425 


055993 


124318 


185 


875682 


41 


20 
21 


819832 


239 
239 


180168 


944262 


425 
425 


055738 


124429 


185 
185 


875571 


40 
39 


9.819976 


10.180024 


9.944517 


10.055483 


10.124541 


9.875459 


22 


{120(20 


239 


179880 


944771 


424 


055229 


124652 


185 


875348 


38 


23 


820i!63 


239 


179737 


945026 


424 


054974 


124763 


185 


875237 


37 


24 


820406 


239 


179594 


945281 


424 


054719 


124874 


186 


875126 


36 


25 


820550 


238 


179450 


945535 


424 


054465 


124986 


186 


875014 


35 


26 


820693 


238 


179307 


945790 


424 


054210 


125097 


186 


874903 


34 


27 


820836 


238 


179164 


946045 


424 


053955 


125209 


186 


874791 


33 


28 


820979 


238 


179021 


946299 


424 


053701 


125320 


186 


874680 


32 


29 


821122 


238 


17^878 


^ 946554 


424 


053446 


125432 


IH6 


874568 


31 


30 
31 


821265 


238 
238 


178735 


946808 


424 
424 


053192 


125544 


186 
186 


874456 


30 
29 


9.821407 


10.178593 


9.947063 


10.052937 


10.125656 


9.874344 


32 


821550 


238 


178450 


947318 


424 


0526*82 


125768 


187 


874232 


28 


33 


821693 


237 


178307 


947572 


424 


052428 


125879 


187 


674121 


27 


34 


821835 


237 


178165 


947826 


424 


05S174 


125i»91 


187 


874009 


26 


35 


821977 


237 


178023 


948081 


424 


051919 


126104 


187 


873896 


25 


3S 


822120 


237 


177B80 


948336 


424 


051664 


126216 


187 


873784 


24 


37 


822262 


237 


17773H 


948590 


424 


051410 


126328 


187 


873672 


23 


38 


822404 


237 


177596 


948844 


424 


051156 


126440 


187 


873560 


22 


39 


822546 


237 


177454 


949099 


424 


050901 


126552 


187 


873448 


21 


40 


822688 


236 
236 


177312 


949353 


424 
424 


050647 


126665 


187 
187 


873335 


20 
19 


41 


9.822830 


10.177170 


9.949607 


10.050393 


10.126777 


9.873223 


42 


822972 


236 


177028 


949862 


424 


050138 


126890 


188 


873110 


18 


43 


823114 


236 


176886 


950116 


424 


049884 


127002 


188 


872998 


17 


44 


823255 


236 


176745 


950370 


424 


049630 


127115 


188 


872885 


16 


45 


823397 


236 


176603 


950625 


424 


049375 


12722R 


188 


872772 


15 


4n 


823539 


236 


176461 


950879 


424 


049121 


127341 


188 


872659 


14 


47 


823680 


235 


176320 


951133 


424 


0488^7 


127453 


188 


872547 


13 


48 


828821 


235 


176179 


951388 


424 


048612 


127566 


188 


872434 


12 


49 


823963 


235 


176037 


951642 


424 


048358 


127679 


188 


872321 


11 


60 


824104 


235 


175896 


951896 


424 
424 


048104 


127792 


188 
189 


872208 


10 
9 


51 


9.824245 


235 


10.175755 


9.952150 


10.047850 


10.127905 


9.872095 


52 


824386 


235 


175614 


952405 


424 


047595 


128019 


189 


871981 


8 


53 


824527 


235 


175473 


952659 


424 


047341 


128132 


189 


871868 


7 


54 


824668 


234 


175432 


952913 


424 


047087 


128245 


189 


871755 


6 


55 


824808 


234 


175192 


953167 


423 


046833 


128359 


189 


871641 


5 


5K 


824949 


234 


175051 


953421 


423 


046579 


128472 


189 


871528 


4 


57 


825090 


234 


174910 


953675 


423 


046325 


128586 


189 


871414 


3 


58 


825230 


234 


174770 


953929 


423 


046071 


12H699 


189 


871301 


2 


59 


825371 


234 


174629 


954183 


423 


045817 


128813 


189 


871187 


1 


80 


825511 


234 


174489 


954437 


423 


045563 


128927 


190 


871073 





- 


Cosine 




Secant 


Cotanjf. 


Tanff. 


Oosec. 


Sine 


M.| 



48 Degrees. 



(40 Dpgrf es.) TabU of Lae,ariihmc Sinn, 



ir. 


Sin> 


D. 


Co>«c. 


'f'"g- 


U. 


COKHK. 


S««n, 


U- 


Caiine 


" 


"^ 


B.90fi087 


~3M 


10.191933 


9.923813 


427 


10.076137 


10.111746 


177 


9.8B4254 


M 


1 


60B218 


2S1 


191782 


934070 


437 


07.'i93a 


115313 


177 


SS414S 


S9 


3 


aoassB 




1U1632 


934327 


427 


075673 


ILWR 


177 


884042 


iS 




B«K5iy 


3D0 


J9I4II1 


934^133 


427 


0754 17 


1160B4 


177 


S83936 






8006H9 


250 


I»l3.t 


924ttJ0 


427 


075160 


116171 


177 


883829 


! 




8«eUI9 


350 


19118 


925B96 


427 


0749U4 


116277 


177 


8837231 ii 




soaaes 


250 


19103 




427 


074648 


116388 


177 


883617 K 


T 


809119 


360 


190)18 


925609 


437 


074391 


116490 


177 


8835111 


it 




e092R9 


210 


1H073 


9.>6861 


427 


074135 


116696 


177 


88^04 


a 




809119 


249 


190681 


92B122 


427 


073878 


116703 


178 


833297 


a 


Ti 


809S«9 


249 
349 


190431 


926378 


497 

«7 


073622 


116309 


178 

178 


883191 
9-883084 


49 


9.809713 


10.190283 


992fi834 


10 073366 


10.116916 


1:' 


809868 


249 


190132 


926890 


437 


073 IIU 


117033 


178 


882977 


«t 


n 


810017 


249 


1891183 


927147 


427 


072853 


117129 


178 


882871 


41 


M 


810IB7 


249 


ie9»33 


927403 


427 


072587 


117236 


7« 


B82761 




\:< 


810316 


348 


189684 


927660 


437 


078341 


117343 


78 


882657 






3]04l!5 


348 


189631 


937911 


427 


072086 


117410 


78 


S825S( 


« 


i; 


810614 


348 


189388 


928171 


427 


071B39 


117567 


78 




43 




810783 


348 


189237 


938427 


427 


071573 


117664 


79 


8ai233t 


42 


l!l 


810912 


248 


189088 


928683 


427 


071317 


117771 


179 


8S3229 


41 


•j(i 


811061 


246 


188839 


928940 


427 


071060 


117879 


179 


882121 


40 


li 


9.811210 


~248 


10.188790 


9.92U19fi 


57 


10,070804 


10 1 7986 


179 


9.882014 


ii 


22 


811358 


247 


188642 


929452 


427 


070S48 


I 8093 


179 


881907 


3S 


2;) 


811.107 


247 


18B493 


92970a 


427 


070292 


I 8201 


179 


881799 


J? 


■n 


811B5S 


347 


188341 


92ey«4 


496 


070O36 


1 6308 


179 


881699 


IS 


i:i 


811B04 


247 


188196 


930320 




069780 


1 8416 


179 


B8l5at 


it 


■2f< 


8li95a 


247 


168048 


930476 


426 


069526 


113623 


179 


B8U77 


u 


■17 


813109 


247 


isnoo 


930731 


426 


069269 


118631 


179 


881369 


s 


98 


813S48 


347 


IB7752 


930937 


426 


089013 


118739 


130 


881261 


s 


211 


8123M 


246 


187604 


931343 


426 


068717 


118847 


180 


e81163 


] 


DO 
31 


812144 


346 

1u 


137416 


931499 

9.931751 


426 
426 


068601 


113954 


180 
180 


881046 




8.BI28S8 


10.187308 


10.068241 


10.119062 


0.8S0938 


32 


B1S84D 


346 


187160 


932010 


436 


067990 


1191 70 


180 


880830 




33 


812988 


HB 


I870I2 


932366 


436 


067734 


119276 


IBO 


880722 




34 


BlSlSt 


246 


186861 


933132 


436 


067478 


119387 


180 


880613 




3A 


813383 


.346 


186717 


933773 


426 


067232 


119496 


130 


830505 




36 


813430 


346 


136170 


933033 


496 


066967 


119603 


180 


B80397 




37 


813178 


S4S 


186422 


933289 


498 


066711 


119711 


181 


880289 




3V 


SI372A 


341 


186271 


933546 


496 


066456 


119B90 


181 


880180 




M 


813B72 


241 


138128 


933800 


496 


06C200 


119998 


131 


880072 




^ 


814019 
9.814166 


241 
246 


181981 


934066 


426 
426 


005944 


I2O037 


131 


8799«3 


J 


10.186834 


9.934311 


10.061689 


10,120145 


131 


9.879851 


-13 


814313 


241 


186687 


934SB7 


436 


061433 


120264 


131 


879746 


1! 


■la 


814460 


244 


185MU 


934823 


436 


061177 


120363 


181 


879G37 






814007 


244 


186393 


931078 


436 


064923 


120471 


181 


879529 


ii 




814753 


244 


181247 




436 


064667 


120580 


181 


87^420 






314900 


244 


181100 


9366G9 


436 


064411 


1906B9 


181 


879311 


1 


j; 


815046 


244 


184954 


935»44 


436 


084156 


I9079H 


189 


879203 






81SI93 


244 


184807 


936100 


496 


061900 


130907 


182 


879093 




■ig 


815339 


244 


184661 


936356 


426 


063045 


I310I6 


182 


H7I>984 




~fti 


SlMKa 
»!815831 


243 
243 


18411S 


936610 


426 
426 


063390 


121125 


182 
182 


87DB75 
9-878766 


.[' 


10.184368 


9.936866 


10.063134 


I0.121!^3l 


53 


811778 


343 


84223 


937121 


421 


062S79 


121344 


182 


HTeosfi 




.^3 


81S924 


343 


34076 


93737H 


431 


062624 


121453 


182 


87K547 






816060 


343 


83931 


937639 


431 


063368 


131169 


132 


878436 




Jii 


S BS1& 


343 


83785 


937887 


421 


062113 


131679 


182 


878328 




511 


8 6361 


243 


03639 


93al42 


425 


061858 


121781 


le:i 


878319 




r-: 


8 6107 


242 


1B3493 


938398 


421 


C6I603 


121)191 


183 


878109 




:,i\ 


8 6613 


242 


183348 


938663 


426 


061347 


162001 


183 


e779!(9 






8 67UH 


242 


183202 


938918 


435 


061099 


122110 


1S3 


877890 


i:ll 


816943 


242 


133057 


939163 


421 


OK0837 


122290 


183 


877760 '■ 




<09ide 




Secani 


CntHng, 




T.DfC. 


~C««-. 


"^ 


~^;:r ^T 



ToTtgents and Secantt, (41 Degrees.) 






Sine 


D." 

242 


Co»ec. 


Tang. 


D. 

425 


Cotan^^. 


[ Secant 


183 


Cosine 




9.816943 


10.183057 


9.939163 


10.060837 


10.122220 


9.877780 


60 


1 


817088 


242 


182912 


939418 


425 


060582 


122330 


183 


877670 


59 


2 


817233 


242 


182767 


939673 


425 


060327 


122440 


183 


877560 


58 


3 


817379 


242 


182621 


939928 


425 


060072 


122550 


183 


877450 


67 


4 


817524 


241 


182476 


940183 


425 


059817 


122660 


183 


877340 


56 


5 


817668 


241 


182332 


940438 


425 


059562 


122770 


184 


877230 


55 


() 


817813 


241 


182187 


940694 


425 


059306 


122880 


184 


877120 


54 


7 


817958 


241 


182042 


940949 


425 


059051 


122990 


184 


877010 


53 


8 


818103 


241 


181897 


941204 


425 


058796 


123101 


184 


876899 


52 


9 


818247 


241 


181753 


941458 


425 


058542 


123211 


184 


876789 


51 


10 


818392 


241 
240 


181608 


941714 


425 
425 


058286 


123322 
10.123432 


184 
184 


876678 


50 
49 


9.818536 


10.181464 


9.941968 


10.058032 


9.876568 


12 


818681 


240 


181319 


942223 


425 


057777 


123543 


184 


876457 


48 


13 


818825 


240 


. 181175 


942478 


425 


057522 


123653 


184 


876347 


47 


14 


818969 


240 


181031 


942733 


425 


057267 


123764 


185 


876236 


46 


16 


819113 


240 


180887 


942938 


425 


057012 


123875 


185 


876125 


45 


U 


819257 


240 


180744 


943243 


425 


056757 


123986 


185 


876014 


44 


17 


819401 


240 


1811599 


943498 


425 


056502 


124096 


185 


875904 


43 


18 


819545 


239 


180455 


943752 


425 


056248 


124207 


185 


875793 


42 


19 


819689 


239 


18031 1 


944007 


425 


055993 


124318 


185 


875682 


41 


20 
21 


819832 


239 
239 


180168 


944262 


425 
425 


055738 


124429 


185 

185 


875571 


40 
39 


9.819976 


10.180024 


9.944517 


10.055483 


10.124541 


9.875459 


22 


^20120 


239 


179880 


944771 


424 


055229 


124652 


185 


875348 


38 


23 


820263 


239 


179737 


945026 


424 


054974 


124763 


185 


875237 


37 


24 


8204U6 


239 


179594 


945281 


424 


054719 


124874 


186 


875126 


36 


25 


820550 


238 


179450 


945535 


424 


054465 


124986 


186 


875014 


35 


2t> 


820693 


238 


179307 


945790 


424 


054210 


125097 


186 


874903 


34 


27 


820836 


238 


179164 


946045 


424 


053955 


125209 


186 


874791 


33 


28 


820979 


238 


179021 


946299 


424 


053701 


125320 


186 


874680 


32 


29 


821122 


238 


17^878 


^ 946554 


424 


053446 


125432 


186 


874568 


31 


30 
31 


821265 


238 
238 


178735 


946808 


424 
424 


053192 


125544 


186 
186 


874456 


30 


9.821407 


10.178593 


9.947063 


10.052937 


10.125656 


9.874344 


29 


32 


821550 


238 


178450 


947318 


424 


052682 


125768 


187 


874232 


28 


33 


821693 


237 


178307 


947572 


424 


052428 


125879 


187 


674121 


27 


34 


821835 


237 


178165 


947826 


424 


05S174 


125J»91 


187 


874009 


26 


35 


821977 


237 


178023 


94R081 


424 


051919 


126104 


187 


873896 


25 


% 


822120 


237 


177880 


948336 


424 


051664 


126216 


187 


873784 


24 


37 


822262 


237 


177738 


948590 


424 


051410 


126328 


187 


873672 


23 


38 
39 
40 

41 


822404 


237 


177596 


948844 


424 


051156 


126440 


187 


873560 


22 


822546 


237 


177454 


949099 


424 


050901 


126552 


187 


873448 


21 


822688 


236 
236 


177312 


949353 


424 
424 


060647 


126665 


187 
187 


873335 


20 


9.822830 


10.177170 


9.949607 


10.050393 


10.126777 


9.873223 


19 


42 


822972 


236 


177028 


949862 


424 


050138 


126890 


188 


873110 


18 


43 


823114 


236 


176886 


950116 


424 


049884 


127002 


188 


872998 


17 


44 


823255 


236 


176745 


950370 


424 


049630 


127115 


188 


873885 


16 


45 


823397 


236 


176603 


950625 


424 


049375 


127228 


188 


872772 


15 


4H 


823539 


236 


176461 


950879 


424 


049121 


127341 


188 


872659 


14 


47 


823680 


235 


176320 


951133 


424 


0488^7 


127453 


188 


872547 


13 


48 


828821 


235 


176179 


951388 


424 


048612 


127566 


188 


872434 


12 


49 


823963 


235 


176037 


951642 


424 


048358 


127679 


188 


872321 


11 


5U 
51 


824104 


235 
235 


175896 


951896 


424 
424 


048104 


127792 


188 
189 


872208 


10 


9.824245 


10.175755 


9.952150 


10.047850 


10.127905 


9.872095 


9 


52 


824386 


235 


175614 


952405 


424 


047595 


128019 


189 


871981 


8 


53 


824527 


235 


175473 


952659 


424 


047341 


128132 


189 


871868 


7 


54 


824668 


234 


175;i32 


952913 


424 


047087 


128245 


189 


871755 


6 


55 


824808 


234 


175192 


953167 


423 


046833 


128359 


189 


871641 


5 


5« 


824949 


234 


175051 


953421 


423 


046579 


128472 


189 


871528 


4 


57 


825090 


234 


174910 


953675 


423 


046325 


128586 


189 


871414 


3 


58 


825230 


234 


174770 


953929 


423 


046071 


12K699 


189 


871301 


2 


59 


825371 


234 


174629 


954183 


423 


045817 


128813 


189 


871187 


1 


60 


825511 


234 


174489 


954437 


423 


045d(>3 


128927 


190 


871073 





Cosine 


Secant 


Cotanff. 


Tanff. 


CoHec. 


Sine 


M. 



48 Degrees. 



(42 I>egi«es.) TMe Oj 



k Sines, 



M. 


8iac 
9.82M11 


D. 


COMC. 


TMg- 


D. 
428 


Cocmng. 


Secant 


190 


OMine 





834 


10.174489 


y«vi^v4o/ 


18.046663 


10.128627 


870960 » 
870646 '^ 


1 


825661 


238 


174349 


964691 


428 


846309 


129040 


190 


2 


825791 


238 


174209 


964946 


423 


046066 


129154 


190 


3 


825931 


233 


174069 


956200 


428 


044800 


129268 


190 


870732! SI 

870618' '* 

film '^ 


4 


826071 


233 


173929 


966464 


423 


044646 


129382 


190 


6 


826211 


233 


173789 


966707 


428 


044293 


129496 


190 


6 


826351 


233 


173649 


966961 


423 


044039 


129610 


190 


870390 SI 


7 


826491 


233 


173609 


966216 


428 


043786 


129724 


190 


870276 3 


8 


826631 


233 


173369 


966469 


423 


043531 


129839 


190 


870161 ^ 


9 


826770 


232 


173230 


966723 


428 


043277 


1*29963 


191 


870047 il 


10 


826910 


232 
232 


173090 


966977 


423 
423 


043023 


130067 


191 
191 


869^ » 


11 


9.827649 


10.172951 


9.967231 


10.042769 


10.130182 


9.869618 «} 


12 


827189 


232 


172811 


967485 


423 


042615 


130296 


191 


869704 41 


13 


827328 


232 


172672 


967739 


423 


042261 


130411 


191 


869969 47 


14 


827467 


232 


172533 


957993 


423 


042007 


130526 


191 


869474 4« 


15 


827606 


232 


172394 


958246 


423 


041754 


130640 


191 


869360 41 


16 


827745 


232 


172265 


968600 


423 


041500 


130766 


191 


869245 41 


17 


827884 


231 


172116 


958754 


423 


041246 


130870 


191 


869130 a 


18 


828023 


231 


171977 


969008 


423 


040992 


130985 


192 


86901d 42 


19 


828162 


231 


171838 


969262 


423 


040738 


181100 


192 


868900 41 


20 


828301 


231 
231 


171699 


969516 


428 
423 


040484 


131216 


192 


86878d 40 


21 


9.828439 


10.171561 


9.969769 


10.040231 


10.131330 


192 


9.868670 39 


22 


828578 


231 


171422 


960023 


423 


039977 


131445 


192 


868555 38 


28 


828716 


231 


171284 


960277 


423 


039723 


131560 


192 


868440 Vi 


24 


828855 


230 


171145 


960531 


423 


039469 


131676 


192 


868324 » 


25 


828993 


230 


171007 


960784 


423 


039216 


131791 


192 


868209 ^ 


26 


829131 


230 


170869 


961038 


423 


038962 


1319U7 


192 


mm 3i 


27 


829269 


230 


170731 


961291 


423 


038700 


132022 


193 


867978 3J 


28 


829407 


230 


170593 


961545 


423 


038455 


132138 


193 


867862 32 


29 


829545 


230 


170455 


961799 


423 


038201 


132253 


193 


8117747 31 


30 


829683 


230 
229 


170317 


962052 


423 
423 


037948 


132369 


193 
193 


867631 30 
9 867515 9 


31 


9.829821 


10.170179 


9.962306 


10.037694 


10.132485 


32 


829959 


229 


170041 


962560 


423 


087440 


132601 


193 


867399 S 


33 


830097 


229 


169903 


962813 


423 


037187 


132717 


193 


867283 5 


34 


830234 


229 


169766 


963067 


423 


036933 


132833 


193 


867167 » 


85 


830372 


229 


169628 


96332U 


423 


036680 


132949 


193 


867051 25 


36 


830509 


229 


169491 


963574 


423 


036426 


133065 


194 


866935 ii 


87 


830646 


229 


169354 


963827 


423 


036173 


133181 


194 


866819 ^ 


38 


830784 


229 


169216 


964081 


423 


035919 


133297 


194 


866703 - 


89 


830921 


228 


169079 


964335 


423 


035665 


133414 


194 


866586 21 


40 
41 


831058 


228 


168942 


964588 
9 964842 


422 
422 


036412 


133530 


194 
194 


866I7O ^ 


9.831 195 


228 


10.168805 


10.035158 


10.133647 


9.866353 1^ 


42 


831332 


228 


1686fi8 


965095 


422 


034905 


133763 


194 


866237 i; 


43 


831469 


228 


168531 


965349 


422 


034651 


133880 


194 


8I)«120 1/ 


44 


831606 


228 


168394 


965602 


422 


034398 


133996 


195 


886004 I'' 


45 


831742 


228 


168258 


96.')855 


422 


034145 


134113 


195 


866fi87 1' 


46 


831879 


228 


168121 


966109 


422 


033891 


134230 


195 


8657/0 i; 


47 


832015 


227 


167985 


966362 


422 


033638 


134347 


195 


865653 13 


48 


832152 


227 


167848 


966616 


422 


033364 


134464 


195 


8/15536 1;' 


49 


832288 


227 


167712 


966869 


422 


033131 


134581 


195 


865419 11 


50 
51 


832425 


227 
227 


167575 


967123 


422 
422 


032877 


134698 


195 
195 


865302 10 


9.832561 


10.167439 


9.967376 


10.032624 


10.134815 


986618.1 I 


52 


832697 


227 


167303 


967H29 


422 


032371 


134932 


195 


865068 ; 


53 


832833 


227 


167167 


967883 


422 


032117 


135050 


195 


864950 / 


54 


832969 


22(i 


167031 


968136 


422 


031864 


135167 


]9rf 


8J4833 * 


55 


833105 


226 


166895 


968389 


422 


031611 


135284 


196 


864716 ' 


56 


833241 


226 


166759 


9f)8B43 


422 


031357 


135402 


196 


8W898 ; 


57 


833377 


22H 


166623 


968896 


422 


031104 


135519 


196 


86448/ 


58 


833512 


226 


166488 


969149 


422 


030851 


135637 


196 


864363 


59 


833648 


22» 


166352 


969403 


422 


030597 


135755 


196 


8W245 


60 

L 

M m 


833783 


'226 


166217 


969656 


422 


030344 


135873 


196 


864127 ^ 
Sine J}; 


Cosine 

I •W-k 


Secant 


Co tang. 


Tang. 


Coaec. 



47 Degrees 



Tangents and Secants. (4d Degrees.) 



M. 


8ine 


226 


Cosec. 


Tang. 


D. 
422 


Gotang. 


1 Secant 


D. 
196 


Cosine 


2l f 


1 9.833783 


10.166217 


9.969656 


10.080344 


10.135873 


9.864127 


1 


833919 


225 


166081 


969909 


422 


080091 


135990 


196 


864010 


59 


2 


834054 


225 


165946 


970162 


422 


029838 


136108 


197 


863892 


58 


3 


834189 


225 


165811 


970416 


422 


029584 


136226 


197 


863774 


57 


4 


834325 


225 


165675 


970669 


422 


029331 


136344 


197 


863656 


56 


5 


834460 


225 


165540 


970922 


422 


029078 


136462 


197 


863538 


55 


6 


834595 


225 


165405 


971175 


422 


028825 


136581 


197 


863419 


54 


7 


834730 


225 


165270 


971429 


422 


028571 


136699 


197 


883301 


53 


8 


834865 


225 


165135 


971682 


422 


028318 


136817 


197 


863183 


52 


9 


834999 


224 


165001 


971935 


422 


028065 


' 136936 


197 


863064 


51 


10 


835134 


224 
224 


164866 


972188 


422 
422 


027812 


137054 


198 
198 


862946 


50 
49 


9.635269 


10.1647^1 


9.972441 


10.027559 


10.137173 


9.862827 


12 


835403 


224 


164597 


972694 


422 


027306 


137291 


198 


862709 


48 


13 


835538 


224 


164462 


972948 


422 


027052 


137410 


198 


862590 


47 


14 


835672 


224 


164328 


973201 


422 


026799 


137529 


198 


862471 


46 


15 


835807 


224 


164193 


973454 


422 


026546 


187647 


198 


862353 


45 


16 


835941 


224 


164059 


973707 


422 


026293 


137766 


198 


862234 


44 


17 


836075 


223 


163925 


973960 


422 


026040 


137885 


198 


862115 


43 


18 


836209 


223 


163791 


974213 


422 


026787 


138004 


198 


861996 


42 


19 


836343 


223 


163657 


974466 


422 


025534 


138123 


198 


861877 


41 


20 
1\ 


836477 


223 
223 


163523 


974719 


422 
422 


025281 


138242 


198 
199 


861758 


40 
39 


9.836611 


10.163389 


9.974973 


10.025027 


10.138362 


9.861638 


22 


836745 


223 


163255 


975226 


422 


024774 


138481 


199 


861519 


38 


23 


836878 


223 


163122 


976479 


422 


024521 


138600 


199 


861400 


37 


24 


837012 


222 


162988 


975732 


422 


024268 


138720 


199 


861280 


36 


25 


837146 


222 


162854 


975985 


422 


024015 


13R839 


199 


861161 


35 


26 


837279 


222 


162721 


976238 


422 


023762 


138959 


199 


861041 


34 


27 


837412 


222 


162588 


976491 


422 


023509 


139078 


199 


860922 


33 


28 


837546 


222 


162454 


976744 


422 


023256 


139197 


199 


860802 


32 


29 


837679 


222 


162321 


976997 


422 


0230U3 


139318 


200 


860682 


31 


30 
31 


837812 


222 
222 


162188 


977250 


422 
422 


022750 


139338 


2O0 
200 


860562 


30 
29 


0.837945 


10.162055 


9.977503 


10.022497 


10.139558 


9860442 


32 


888078 


221 


161922 


977756 


422 


022244 


139678 


200 


860322 


28 


33 


838211 


221 


161789 


978009 


422 


021991 


139798 


200 


{i60202 


27 


34 


838344 


221 


lf)1656 


978262 


422 


021738 


139918 


200 


860OH2 


26 


35 


838477 


221 


161523 


978515 


422 


021485 


140038 


200 


859962 


25 


36 


838610 


221 


16139U 


978768 


422 


021232 


140158 


200 


859842 


24 


.17 


838742 


221 


161258 


979021 


422 


020979 


140279 


201 


859721 


23 


38 


838875 


221 


161125 


979274 


422 


020726 


140399 


201 


859601 


22 


39 


839007 


221 


160993 


979627 


422 


020476 


140520 


201 


8594<]0 


21 


40 


839140 


220 


160860 


97978U 


422 
422 


020220 


140640 


201 
201 


859360 


20 
19 


9.839272 


220 


10.160728 


9.980033 


10 019967 


10.140761 


9.859239 


42 


839404 


220 


160596 


980286 


422 


019714 


140881 


201 


859119 


18 


43 


839536 


220 


160464 


980538 


422 


019462 


141003 


201 


858998 


17 


44 


839668 


22€ 


160332 


980791 


421 


019209 


141123 


201 


858877 


16 


45 


839800 


220 


160200 


981044 


421 


018956 


141244 


202 


858756 


15 


46 


839932 


220 


160068 


981297 


421 


018703 


141365 


202 


858635 


14 


47 


840064 


219 


159936 


981550 


421 


018450 


141486 


202 


858514 


13 


48 


840196 


219 


159804 


981803 


421 


018197 


141607 


202 


858393 


12 


49 


840328 


219 


159672 


982056 


421 


017944 


141728 


202 


868272 


11 


60 
51 


840499 


219 
219 


159541 


982309 


421 


017691 


141849 


202 
202 


858151 


10 
9 


9.840691 


10.159409 


9.982562 


421 


10.017438 


10.141971 


9.858029 


52 


840722 


219 


159278 


982814 


421 


017186 


142092 


202 


857908 


8 


53 


840854 


219 


159146 


983067 


421 


016933 


142214 


202 


857786 


7 


54 


840985 


219 


159015 


983320 


421 


016680 


142335 


203 


857665 


6 


65 


841116 


218 


158884 


983573 


421 


016427 


142457 


203 


857543 


5 


56 


841247 


218 


158753 


983826 


421 


016174 


142678 


203 


857422 


4 


67 


841378 


218 


158622 


984079 


421 


015921 


142700 


203 


857300 


3 


58 


841509 


218 


158491 


984331 


421 


015669 


142822 


203 


857178 


2 


59 


841640 


218 


158360 


984584 


421 


015416 


142944 


203 


857056 


1 


60 


841771 


218 


158229 


984837 


421 


015163 


143066 


203 


856934 





Cosine 


Secant 


Cotang. 


Tang. 


Codec. 


Sine 



46 Degrees. 



(44 Depees.) TatU of Logarithmic Sinei, 



M. 


Sine 


D. 


COKC. 


Ttng 


D. 


CoUDg. 


SeCBOl 


i). 


CoilDt 




^ 


B.84I77I 


318 


10.168339 


9.98 18J7 


~4^ 


10016163 


10.113066 


ii^ 


9 8j61)3t 


W 




eJitw2 


218 


i:bo:i6 


H8>0UO 


431 


014910 


113188 


203 


ej6BI2 


59 




842033 


218 


1S79H7 


B8>343 


431 


014657 


113310 


304 


856690 


511 




842103 


217 


167817 


H8M96 


421 


014404 


143433 


304 


830668 


SI 




842294 


217 


IS7706 


986818 


421 


014192 


143594 


304 




K 




842424 


217 


197576 


98rilUl 


4.'1 


013899 


14*i77 


301 


8JIH23 


5S 




8426 ft,1 


217 


157446 


U8tKt64 


421 


91364B 


143799 


204 


836201 


M 




&426Bi 


217 


167316 


«8iifi07 


421 


013393 


143923 


ao4 


Bi60/8 


93 




342H1J 


217 


167181 


98l.8'10 




013140 


144U44 


a04 


855)I6« 


I& 




siswia 


217 


157054 


H8:il2 


421 


012088 


141167 


804 


iibaa 






B43076 


317 


156924 


987366 


421 


013635 


14428J 


a05 


856711 


ec 




9.8433UH 


216 


10.ISS7H4 


9.H87KI8 


131 


10.012382 


10.141413 


205 


9.865^36 


49 




84333K 


216 


156UII4 


II8:eM 


421 


012129 


114936 


S66 


8564<io 






H434l« 


31S 


196.134 


988131 




011877 


144618 


S!05 


8i6»13 


17 




843696 


216 


156106 


1188176 


431 


011624 


144781 


206 


8J6213 






813726 


216 


156276 


was -29 


4ll 


011371 


144904 


ao5 


BJSOBB 


li 




B438J5 


216 


116146 


9«e882 


121 


OIIIIB 


149037 


205 


8,4973 






eiam 


216 


l5Bni6 


bUtPl 


421 


010866 


146130 


ao5 


BMRW 






844114 


31S 


15.'88t 


98.U37 


421 


010613 


145273 


206 


8il7.'7 


s 


19 


S443I3 


216 


16S7S7 


!iBflH40 


431 


010360 


\*^l 


■m 


BUHIM 


II 


30 

21 


84i3;j 

S.8146l)2 


216 
216 


155828 


MB38.W 


421 
421 


01 0107 


149620 

iJuiiwi 


aoh 

30( 


S,U48U 

'J B-,-i;i.-.i 


H 


10.1664<18 


9.990145 


10.009896 


22 


844631 


216 


1653fl9 


990398 


421 


0U9H03 


!1?^^ 


aut! 




23 


umn 


216 


156240 


990691 


421 


009849 


119891 


2U6 


R-Miliillj"! 


24 


S44889 


215 


165111 


990903 


121 


O09O97 


llttull 


■iw 


H.>^M 




2$ 


H4601B 


215 


IS4!«2 


R91I56 


421 


001814 


116138 


•m 


&■>'.■&■•-. 


K 


20 


846147 


216 


1I148]3 


991409 


421 


008591 


146269 


im 


8i3738 




27 


845276 


211 


154724 


99I(i62 


421 


008:138 


146386 


207 


863611 


33 


28 


R454Q6 


211 


194596 


991914 


121 


008.86 


I40S10 


207 


B63494 


3i 


29 


815533 


214 


154467 


9lf21fi7 


121 


001813 


146634 


2U7 


B633l» 




3« 
81 


845662 


214 

214 


194338 
10.164210 


992420 


121 


007680 


146768 


207 
807 


863242 




B.BI5780 


9.992673 


10.007328 


10.146-882 


•J.893Iia 


32 


e«ttl9 


214 


1S4G81 


9!r2.(29 


421 


007076 


117096 


207 


813HW 


W 


33 


8IIKM7 


211 


163963 


993178 


421 


OOliSJt 


147131 


207 


8628r» 


S 


34 


816176 


214 


193829 


993430 


421 


006670 




2117 


869716 


H 


3S 


816304 


314 


l«369t( 


993tia3 


421 


006317 




207 


862620 


% 


W 


B16432 


213 


163568 


993936 


431 


006064 




208 


86349G 


» 


S7 


816680 


213 


16344U 


994184 


421 


009811 


147629 


2U8 


8j2371 


9 


38 


83668H 


913 


193:tl2 


994441 


421 


009S6B 


147793 


208 


863247 


n 


39 


816816 


313 


I63I81 


994691 


421 


006306 


147878 


2u8 


852123 


i\ 


10 
4? 


846B44 


213 
2 3 


163056 


994947 


421 
431 


009053 


U8JU3 


20s 
208 


8.il9a7 


as 


0.817071 


10.192U39 


9.995199 


10.004801 


10.118128 


9 861873 


42 


817199 


2 3 


19281)1 


9964;.2 


421 


004618 


148293 


2b8 


851747 


10 


43 


817317 


2 3 


192'i73 


995706 


431 


004291 


I4B378 


2b8 


861633 


1; 


44 


817454 


2 2 


192946 


995997 


421 


004048 


148603 


209 


S6I4)*7 


H 


4» 


817682 


22 


192118 


99e310 


421 


003790 


148628 


209 


8.1373 


ii 


46 


837709 


2 2 


1923111 


9964K3 


121 


00363r 


148794 


309 


8.il216 


11 


47 


8178311 


2 2 


193164 


996715 


131 


003281 


148879 


209 


861121 


|] 


4B 


847964 


22 


193036 


996»>» 


421 


003039 


149004 


2U9 


850H9b 


u 


49 


818091 


92 


191909 


097231 


421 


003779 


149130 


309 


a.m!« 


11 


40 


8J8218 


39 
319 


161789 


997473 


431 


002527 


149255 


209 
2oil 


850745 


s 


9.8J8346 


10 161S!i9 


9.997736 


la002274 


10.149381 


S.850619 


fi2 


8rti72 


311 


161G28 


997979 


421 


003031 


149507 


210 


860193 


u 


53 


848-iU» 


211 


I914U1 


99^^1l 


431 


00176B 


149632 


210 


8.0368 


? 


64 


818726 


211 


161274 


9B8,ai 


421 


00I61B 


149788 


210 


a5l<213 






848R62 


all 


161 118 


998737 


121 


001368 


141,881 


210 


BiUllH 




a« 


84W79 


211 


151021 


998.89 


421 


OOIOII 


150010 


2jO 


81999U 




67 


819106 


211 


15l'BM 


999313 


421 


000768 


160136 


210 


819861 




68 


8J9232 


211 


150768 


999495 


491 


000606 


160263 


210 


849738 


! 


69 


819360 


211 


160641 


999747 


421 


000293 


150389 


210 


819611 






849486 


211 


160619 


10.00000 


421 


OOOOOl) 


160619 


210 


819181 







Cci.ine. 




Secani 


Coung. 




Tine- 


Co-ec. 




.■ii« 


Jl. 



A TABLE 



OF 



NATURAL SINES. 



A Tabic of Natural Sines. 



M. 



1 
2 
8 
4 
6 
6 

7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

17 
18 
19 

20 
21 
22 
23 
24 
25 
26 

27 
28 

29 

30 
31 
32 
33 
34 
35 
36 

37 
38 
39 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

50 
51 
52 
53 
54 
55 
56 

57 
58 
59 


Dpg. 


! IDeg. 


1 ^^^' 


3 Deg. 1 4 Deg. | 


60 
59 
58 

57 

56 
55 
54 
53 
58 
tl 

5ft 
491 
481 

47 
46 
45 
44 
43 
42 
41 

40 
39 
38 

37 

36 
35 
34 
33 
32 
31 

30 

29 
28 

27 

26 
25 
24 
23 
22 
21 

20 
19 
18 

17 
16 
15 
14 
13 
12 
11 

10 
9 
8 

7 

6 

5 

4 

3 

2 

1 




N.iin. N.cot. 


: N.sin. 


N.COI. 


N.iin. 


N.COI. 


N.iln. 


N.COI. 


N.iin. 


N.COI. 




29 
68 

87 
116 
145 
175 
204 
283 
262 


100000 
100000 
100000 
100000 
100000 
100000 
lOOOOU 
lOOOUO 
100000 
100000 

10000b 

99999 
99999 
99999 
99999 
99999 
99999 
99999 

99998 

'99998 
99998 
99998 
99998 
99998 
99997 
99997 
99997 
99997 
99996 

9!i996 
99996 
99996 
99995 
99995 
99995 
99994 
99994 
99994 
99994 

99993 
99993 
99993 
99992 
99992 
99991 
99991 
99991 
99990 
99990 

"99939 
99989 
99989 
99988 
99988 

99987 
99987 

99986 
99986 
99985 
99985 


1746 
1774 
1808 
1832 
1862 
1891 
1920 
1949 
1978 
2007 
2036 
2065 
2094 
2123 
2152 
2181 
22U 
2240 
2269 
2298 


99086 

99984' 

99984 

99983; 

99983 

99982 

99982 

99981 

99980 1 

99980 

99979 
99979 
99978 
99977 
99977 
99976 
99976 
99975 
99974 
99974 

'99973 
99972 
99972 
99971 
99970 
99969 
99969 
99968 
99967 
99966 

99966 
99965 
99964 
99963 
99963 
99962 
9.9961 
99960 
99959 
99959 

99958 

99957 t 

99956 

99955 

99954 

99953 

99952 

99952 

99951 

99950 

99949 
99948 

99947 
99946 
99945 
99944 
99943 
99942 
99941 
99940 
99939 


8490 
8519 
3548 

8677 
9606 
8685 
8664 
8693 
3723 
3752 

3781 
3810 
8839 
8868 
8897 
3926 
3955 
3984 
4013 
4042 

4071 
4100 
4129 
4159 
4188 
4217 
4246 
4275 
4304 
4333 

4362 
4391 
4420 
4449 
4478 
4507 
4536 
4565 
4594 
4623 

4653 
4682 
4711 
4740 
4769 
4798 
4827 
4856 
4885 
4914 

4943 
4972 
5001 
5030 
5059 
5088 
6117 
5146 
6175 
5205 
5234 

N.COI. 


99939 
99938 
99987 
99936 
99936 
99934 
99933 
99932 
99931 
99930 


6234 
6263 
6292 
6321 
6360 
6379 
6408 
6437 
6466 
6495 

6624 
6663 
6582 
6611 
6640 
6669 
6698 

6727 
6766 
6785 

5814 
5844 
5873 
6902 
6931 
6960 
6989 
6018 
6047 
6076 


99863 
99861 
99800 
99868 
99857 
99865 
99864 
99852 
99851 
99849 


6976 
7006 
7034 
7063 
7092 

7121 

7150 

7179 
7208 
7237 


99766 
99754 
99762 
99760 
99748 
99746 
99744 
99742 
99740 
99738 


291 
820 
849 
378 
407 
436 
465 
495 
624 
653 


99929 
99927 
99926 
99926 
99924 
99923 
99<)22 
99921 
99919 
99918 

99917 
99916 
99915 
99913 
99912 
99911 
99910 
99909 
99907 
99906 

9i)905 
99904 
99902 
99901 
999.00 
99898 
99897 
99896 
99894 
99893 

99892 
99890 
99889 
99888 
99886 
99885 
99883 
99882 
99881 
99879 

99878 
99876 
99875 
99873 
99872 
99870 
99869 
99867 
99866 
99864 
99863 


99847 
99846 
99844 
99842 
99841 
99839 
99888 
99886 
99834 
99833 

99831 
99829 

99827 
99826 
99824 
99822 
99R21 
99819 
99817 
99816 

99813 
99812 
99810 
99808 
99806 
99804 
99803 
99801 
99799 
99797 

99795 

99793 

99792 

99790 

99788 

99786 

99784 ; 

99782 

99780 

99778 

99776 

99774 1 

99772 

99770 

99768 

99766 

99764; 

99762 

99760 

99758 

99756 


7266 
7295 
7324 
7353 
7382 
7411 
7440 
7469 
7498 
7527 
7656 
7585 
7614 
7643 
7672 
7701 
7730 
7759 
7788 

7817 
7846 
7876 

7904 
7933 
7962 
7«91 
8020 
8049 
8078 
8107 


99736 
9U734 
99731 
99729 
99727 
99725 
99723 
99721 
9»71s< 
99716 


582 
611 
640 
669 
698 

727 
756 
785 
814 
844 

873 

902 

931 

960 

989 

1018 

1047 

1076 

1105 

1134 


2327 
2356 
2385 
2414 
2443 
2472 
2501 
2530 
2560 
2589 


99714 
99712 
9.M710 
99708 
99705 
99703 
9J701 
9»699 
9ije96 
99694 


2618 
2647 
2676 
2705 
2734 
2763 
2792 
2821 
2850 
2879 

2908 
2938 

2967 
2996 
3025 
3054 
3083 
3112 
3141 
3170 


6105 
6134 
6163 
6192 
6221 
6250 
6279 
6308 
6337 
6366 


9J692 
9968i^ 
99687 
99685 
99683 
99680 
99678 
99676 
99673 
99671 

99668 
99666 
99664 
99661 
99659 
99657 
99654 
99652 
99649 
99647 


1164 
1193 
1222 
1251 
1280 
1309 
1338 
1367 
1396 
1426 

1454 
1483 
1513 
1542 

1571 
1600 
1629 
1658 
1687 
1716 
1746 


6395 
6424 
6453 
6482 
6511 
6540 
6569 
6598 
6627 
6656 


8136 
8166 
8194 
8223 
8252 
8281 
8310 
8339 
8368 
8397 


3199 
3228 
3257 
3286 
3316 
3345 
3374 
3403 
3432 
3461 
3400 


6685 
6714 
6743 
6773 
6802 
6831 
6860 
6889 
6918 
6947 
6976 


8426 
8456 
8484 
8513 
8542 

8671 
8600 
8629 
8658 
8687 
8716 


99644 
99642 
99639 
99637 
99636 
99632 
99630 
99627 
99625 
99622 
99619 


N.coi. 


N.iin. 


N.cos. 


N.sin. 


N.iin. 


N.COI. 


N.iin 


N.COI. 


N.iin.p 


tf. 


89 Deg. 


88 Deg. 


87 Deg. 


86 Deg. 1 


86 Deg. 1 





A Table cf Naharal Sines, 



M 

1 


ADeg. 


6Deg. 


7Deg. 


8Deg. 


1 9Deg. 


60 


. N.sin. 


N.eot. 


N.tin N.oos. 


N.sfii. 


N.cos. 


N.8in. 
13917 


N.coi. 


N.tin. 


N.C08. 


» 8716 


99619 


10458 


99452 


12187 


99255 


99027 


15643 


98769 


I 


8745 


99617 


10482 


99449 


12216 


99251 


13046 


99023 


15672 


98764 


59 


2 8774 


99614 


10511 


99446 


12245 


99248 


13975 


99019 


15701 


98760 


58 


3 8803 


99612 


10540 


99443 


12274 


99244 


14004 


99015 


15730 


98755 


S 


4 


8881 


99609 


10569 


99440 


12302 


99240 


14033 


99011 


15758 


98751 


56 


A 


8860 


99607 


10597 


99437 


12331 


99237 


14061 


99006 


15787 


98746 


55 


6 


8889 


99604 


10626 


99434 


12360 


99233 


14090 


99002 


15816 


98741 


54 


7 


8918 


99602 


10655 


99431 


12389 


99230 


14119 


98998 


15845 


98737 


53 


8 


8947 


99599 


10684 


99428 


12418 


99226 


14148 


98994 


15873 


98732 


52 


9 
10 


8976 


99596 


10718 
10742 


99424 


12447 


99222 
99219 


14177 
14205 


98990 
9898iS 


15902 
15931 


98728 
"98;^ 


51 
56 


9005 


99594 


99421 


12476 


U 


9034 


99591 


10771 


99418 


12504 


99215 


14234 


98982 


15959 


98718 


49 


12 


9063 


99588 


10800 


99415 


12533 


99211 


14263 


98978 


15988 


98714 


48 


13 


9092 


99586 


10829 


99412 


12662 


99208 


14292 


98973 


16017 


98709 


47 


U 


9121 


99583 


10858 


99409 


12591 


99204 


14320 


98969 


16046 


98704 


46 


15 


9150 


99588 


10887 


99406 


12620 


99200 


14349 


98965 


16074 


98700 


45 


16 


9179 


99578 


10916 


99402 


12649 


99197 


14378 


98961 


16103 


98695 


44 


17 


9208 


99575 


10945 


99399 


12678 


99193 


14407 


98967 


16132 


98690 


43 


18 


9237 


99572 


10973 


99396 


12706 


99189 


14436 


98953 


16160 


98686 


42 


19 

ao 


9266 


99570 
995(97 


11002 
11031 


99393 
99390 


12735 
12764 


99186 


14464 
14493 


93948 
98944 


16189 
16218 


98681 
98676 


41 
15 


9896 


99182 


21 


9324 


99564 


11060 


99386 


12793 


99178 


14522 


98940 


16246 


98671 


39 


22 


9353 


99562 


11009 


99383 


12822 


99175 


14551 


96936 


16275 


90667 


38 


23 


9382 


99559 


11118 


99380 


12651 


99171 


14580 


98931 


16304 


98662 


37 


24 


94U 


99556 


11147 


99377 


12880 


99167 


14608 


98927 


16333 


98657 


36 


25 


9440 


995531 


11176 


99374 


12906 


99163 


14637 


98923 


16361 


98652 


35 


26 


9469 


99551 1 


11205 


99370 


12937 


99160 


14666 


98919 


16390 


98648 


34 


27 


94118 


99548; 


11234 


99367 


12966 


99156 


14695 


98914 


16419 


98643 


33 


28 


9527 


99545 


11263 


99364 


12995 


99152 


14723 


98910 


16447 


98638 


32 


29 
30 


9556 


99542 
99540 


11291 
11320 


99360 


13024 


99148 


14752 


98906 
98902 


16476 
16605 


98633 


31 
30 


9585 


99357 


13053 


99144 


14781 
14810 


98629 


31 


9614 


99537 


11349 


99354 


13061 


99141 


98897 


16533 


98624 


29 


32 


9642 


99534 


11378 


99351 


13110 


99137 


14838 


98893 


16662 


98619 


28 


33 


9671 


99531 


11407 


99347 


13139 


99133 


14867 


98889 


16591 


98614 


27 


34 


9700 


99528 


11436 


99344 


13168 


99129 


14896 


98884 


16620 


98609 


20 


35 


9729 


99526 


11466 


99341 


13197 


99125 


14925 


98880 


16648 


98604 


25 


96 


9758 


99523 


11494 


99337 


13226 


99122 


14954 


98876 


16677 


96000 


24 


37 


9787 


99520 


11523 


99384 


13254 


99118 


14982 


98871 


16706 


98595 


23 


38 


9816 


99517 


11552 


99331 


13283 


99114 


16011 


98867 


16784 


98590 


22 


39 
40 


9645 
9874 


99514 


11580 


99327 
99324 


13312 
1^4l 


99110 


15040 
150(99 


98868 
98858 


16763 


96585 
98580 


21 
20 


99511 


11609 


99106 


16792 


41 


9903 


99508 


11638 


99320 


13370 


99102 


15097 


98854 


16820 


98575 


19 


42 


9932 


99506 


11667 


99317 


13399 


99098 


16126 


98849 


16849 


96570 


18 


48 


9961 


99503 


11696 


99314 


13427 


99094 


15155 


98845 


16878 


9B565 


17 


44 


9990 


99500 


11725 


99310 


13456 


99091 


15184 


98841 


16906 


98561 


16 


45 


10019 


99497 


11754 


99307 


13486 


99067 


15212 


98886 


16936 


98556 


15 


48 


10048 


99494 


11783 


99303 


13514 


99083 


15241 


98832 


16964 


98551 


14 


47 


10077 


99491 


11812 


99300 


13543 


99079 


15270 


98827 


16992 


98546 


13 


48 


10106 


99488 


11840 


99297 


13572 


99075 


15299 


98823 


17021 


98541 


12f 


49 
50 


10135 


99485 


11869 

urn 


99293 
99290 


13600 
13629 


99071 
99067 


15327 
15356 


98818 
98814 


17050 
17078 


98536 
98531 


11 
10 


10164 


99482 


51 


10192 


99479 


11927 


99286 


13658 


99063 


15385 


96809 


17107 


98626 


9 


52 


10221 


99476 


11956 


99283 


13687 


99059 


15414 


98805 


17136 


98521 


8 


53 


10250 


99473 


11985 


99279 


13716 


99055 


15442 


98800 


17164 


98616 


7 


54 


10279 


99^0 


12014 


99276 


13744 


99051 


15471 


98796 


17193 


98511 


6 


55 


10308 


994671 


12043 


99272 


13773 


99047 


15500 


98791 


17222 


98606 


5 

M 


56 


10337 


99464 


12071 


99269 


13802 


99043 


15529 


98787 


17250 


98501 


4 


57 


10366 


99461 


12100 


99265 


13831 


99039 


15557 


98782 


17279 


98496 


3 


58 


10395 


99458 


12129 


99262 


13860 


99035 


15586 


98778 


17308 


98491 


2 


59 


10424 


99455 


. 12158 


99258 


13889 


99031 


15615 


98773 


17336 


98486 


1 


60 


10453 


99452 


12187 


99255 


13917 


99027 


15643 


987B9 
N.sin. 


17366 


98481 





N.oof. 


N.sin. 


N.coi. 


N.sin. 


N.cos. 


N.sin. 


'N.cos. 


N.cos. 


N.sin. 




84]>eg. 


83Deg. 


82Deg. 


811>eg. 


80 Deg. 



u 



A TakU of Kmiural Sinu, 



I 



liDfg, I llDfg. 1 1SD(«. 




1 
% 
I 

4 
« 
6 

7 

8 
J 

n 
It 

IS 

u 
11 

16 

17 
18 
19 



J1786# 
17888 
17488 
17461 
X7478 
17608 
i7687 
1766» 
17MM 
17888 

17861 
17680 
17708 
17737 
17766 
17784 
17828 
17868 
17880 
17808 

17987 
17966 
17996 
18098 
18068 
18061 
18109 
18188 
18166 
18196 

18884 
18868 
18281 
1B809 
18838 
18867 
18896 

18434 
18468 
18481 



H. 



88488 
86476 
88471 



88461 
88466 
1»460 

98440 
88486 

88486 



88414 
88409 
98404 



N^in. 



8081 
8109 
8138 
9167 
8186 
8284 
9868 
8281 
8309 
0388 



96888 
98888 



9H878 
88878 
1*8868 



18608 
I863S 
78687 
18696 
18624 
18662 
18681 
18710 
18738 
18767 



98867 
98868 

98847 

^am 

08388 
963$l 

1^16 
98SS» 
9881*6 
983110 
98d()i4 
08890 
98294 
083dB 
98803 
9825* 



N.coii. N^iin. N.c<M 



8366 
9396 
9488 
8468 
8481 
8609 
9638 
9666 
9696 
9623 



9668 
9680 
9700 
9787 
9766 
9794 



96163 
98167 
98160 
08146 
88140 
88135 
88120 
8B194 
88118 
8^118 



881(17 

88101 1 

98096 

98090 

98084 

88079 

98073 

98067 

98861 

88066 

'9886D 
98044 



9861 

19880 

9908 



ISgJg 



18796 
18824 
18862 
18881 
18910 
18936 
18967 
18996 
19024 
19062 
10081 



98201 
98266 
98260 
98246 
98240 
98234 
98229 
982^ 

98218 
98212 
98207 
98201 
98196 
9B190 
98185 
98179 
98174 
98168 
98168 



9987 
9966 
9994 
80028 
20061 
20070 
SD108 
80186 
80166 
S01B3 



20791 

80820 

20848 

90877 

90906 

20988 

20968 

90990 

81019 

21047 

21876 
21104 
91138 
21161 
21189 
91218 
21246 
91276 
21303 
21331 



13 UefT- 



N.itin. N.eot. 



90222 
.80260 
90279 
90807 



79 069. 



80864 



20481 
20460 
90478 



20607 
80636 
80668 
20692 
20620 
20649 

20677 
20706 
20734 
20763 
20791 



N.cot. 



988S7 
80021 
98016 
86010 
980O4 
97998 

97992 
97987 
97981 

97976 
97969 
97968 
97868 
9796B} 
07846 
979^ 

~979Si 
97928 
97922 
97916 
97910 
979(te 
97890 
97893 

97887 
97881 

97869 
97863 
97867 
07881 
97846 
97839 
97833 

97827 
97821 
07816 

N.ftin. 



78 Deg. 



21860 
21388 
21417 
21446 
21474 
21602 
21630 
21^9 
91687 
21616 



2l644 
21672 
21701 
21729 
21768 
21786 
11814 
21848 
591871 
81B99 



81898 
21086 
21988 
22013 
22041 
22iD70 
220U8 
22126 
22166 
22183 

22212 
22240 
i8368 
£2297 
22325 
22363 
22382 
22410 
22438 
22467 
22496 

N.eo«. 



97816 
Q7809 
87808 

87797 
97791 
87784 
97778 
97772 
87766 
^7780 

"77764 
97748 
977^ 
97736 
97729 
97723 

97717 
97711 
97706 
97688 

97692 
97686 
97680 
97873 
97667 
97661 
97696 
97648 
97642 
97686 

~97^ 
07(03 

07817 
'97611 
97604 
97698 
97692 
97686 
97679 
97673 

17686 
07660 
97663 
97647 
97641 
07634 
976^8 
97521 
97615 
97508 



97602 
97496 
97489 
974^3 
97476 
97470 
97463 
97457 
97450 
97444 
07437 



N.sin, 



22496 
82628 
23662 
22680 



22637 
22866 
22698 
99722 
22760 

28778 
22807 
29836 



77De|f. 



82892 
22920 
22948 

22977 
28006 
23038 



38080 
28118 
88146 
:0176 



88231 
28260 
38288 
88816 

23346 
33273 
33401 
83429 
88468 
23486 
28614 
28648 

23671 
38699 

83666 
33684 
33712 
28740 
28769 
28797 
28825 
23853 
23882 

"^81^ 
23938 
23966 
23995 
24023 
24051 
24079 
24108 
24136 
24164 
24192 

N con. 



97437 
87430 
47434 

87417 
97411 
97404 
97808 
97891 
97884 
87378 



14 0eg. 



N.iin. 



24192 



24277 
34306 



N.coi. 
97030 



97S71 
07366 
97388 
97361 
97346 
07338 
87331 
97326 
97318 
97311 

878041 



84890 
84418 
34446 

94474 
'84668 
34631 
24669 
24687 
24616 
24644 
24672 
24700 
84738 



97016 
97006 
97801 
96994 
96io7 
96980 
96073 



97391 
07284 
117278 
07271 
07284 

07287 
97351 
97344 



^^ 
97330 
97233 

97207 
87310 
97308 
07196 

871^ 
97l8g 

971^ 



24766 
04784 
04813 
94841 
84869 
84887 
94935 
34064 
34882 
26010 



06959 
96952 
96845 
96637 
96930 
96923 
90916 



90894 



97102 
97166 
97148 
97141 
07134 
07197 
97130 
97113 
97106 



97093 
97086 
07079 
97072 
07066 
97058 
97051 
07044 
J97037 
97030 



N.iin. 






76 Deg. 



mm 

16096 
^6004 
ti6l9B 
•86191 
#61W 
'96297 
^06213(6 

-962ft 
1^ 




26601 



26657 
26686 

26718 
^5741 
2^769 
26798 
25826 
2586^ 
36882 



96887 



96873 



96858 
96851 
96844 
98837 



96815 
96807 
96800 
'96793 
96786 
196778 

!ll6771 
06764 

•9^756 
'96749 



69 

hi 
16 
55 
64 
» 

i! 

46 
46 



41 
1) 



17 
36 
36 
34 
33 
3S 
31 

lb 



% 

26 
36 
24 
2S 

22 

21 

rs 





96630 



N.C08.1 



N.tin. M. 



76 Deg. 



A TMe tf Natural Sines. 



M. 

"o 

1 
2 
3 
4 
5 
6 
7 
8 
_9 

10 
11 
12 
13 
14 
15 
16 

17 

18 

J9 

20 
21 
22 
23 
24 
25 
2^ 

27 

28 

30 
31 
32 
33 
34 
35 
36 

37 
38 

_39 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

51 
62 
53 
54 
55 
5tf 

57 
58 
59 
60 



16Deg. 



N.sin. 


N.C08. 


25882 
25910 
26938 
26966 
25994 
26022 
26050 
26079 
26107 
26185 


96593 
96585 
96578 
96570 
96562 
96555 
96547 
96540 
96532 
96524 


26163 
26191 
26219 
26247 
26275 
26303 
26331 
26359 
26387 
26415 


96517 
96509 
96502 
96494 
96486 
96479 
96471 
96463 
96456 
96448 


26443 

26471 
26500 
26528 
26556 
26584 
26612 
26640 
28668 
26696 


96440 
96433 
96435 
96417 
96410 
96402 
96394 
96386 
96379 
96371 


26724 
26752 
26780 
26808 
26836 
26864 
26892 
26920 
26948 
26976 


96363 
96355 
96347 
96340 
96332 
96324 
96316 
96308 
96301 
96293 


27004 
27032 
27060 
27088 
27116 
27144 
27172 
27200 
27228 
27256 


96285 

96277 
96269 
96261 
96253 
96246 
96238 
96230 
96222 
96214 


27284 
27312 
27340 
27368 
27396 
27424 
27452 
27480 
27506 
27536 
27564 


96206 
96198 
96190 
96182 
96174 
96166 
96158 
96150 
96142 
96134 
96126 


N.eos. 


N.Hin 



16Deg. 



N.Hin N,ooi. 



27564 
27592 
27620 
27648 
27676 
27704 
27731 
27759 
27787 
27815 



27843 
27871 
27899 
27927 
27955 
27983 
28011 
28039 
28067 
28095 



28123 
28150 
28178 
28206 
28234 
28262 
28290 
28318 
28346 
28374 



28402 
28429 
28457 
28485 
28513 
28541 
28569 
28597 
28625 
28652 



28680 
28708 
28736 
28764 
28792 
28820 
28847 
28875 
28903 
28031 



28969 
28987 
29015 
29042 
29070 
29096 
29126 
29154 
29182 
29209 
29237 



N.C08. 



96126 
96118 
96110 
96102 
96094 
96086 
96078 
96070 
96062 
96054 

96046 
96037 
96029 
96021 
96013 
96005 
95997 
95989 
95981 
95972 



17Deg. 



18 Deg. 



l9Vtg. 



N.sio. 






95964 
95956 
95948 
95940 
95931 
95923 
95915 
95907 
95898 
95890 



05882 
95874 
95865 
95657 
95849 
95841 
95832 
95824 
95816 
95807 



95799 
95791 
95782 
95774 
95766 
95757 
95749 
95740 
95732 
95724 



95715 

95707 
95696 
95690 
95681 
95673 
95664 
95656 
95647 
95639 
95630 

N. sin. 



Deg. 



73 Deg. 



29237 
29265 
29293 
29321 
29348 
29376 
29404 
29432 
29460 
29487 

29515 
29543 
29571 
29599 
29626 
29654 
29682 
29710 
29737 
29765 

29793 
29821 
29849 
29876 
29904 
29932 
29960 
29987 
30015 
80043 

30071 

30098 

30126 

30154 

301821 

30209 

30237 

30265 

30292 

30320 

30348 
30376 
30403 
30431 
30459 
30486 
30514 
30542 
30570 
30597 



30625 
30653 
30680 
80706 
30736 
30763 
30791 
30819 
30846 
30874 
309C2 



N.008. 1 N.8iA. 



95630 
95622 
95613 
95605 
95596 
95588 
95579 
95571 
95562 
95554 



95545 
95536 
95528 
95519 
95511 
95502 
95493 
95485 
95476 
95467 



95460 
95450 
95441 
95433 
95424 
95415 

95407 
95398 
95389 
95380 



30902 
80929 
30957 
30985 
31012 
31040 
3106B 
31095 
31123 
31151 



95372 
95363 
95354 
95345 
95337 
95328 
96319 
95310 
95301 
95293 



95284 
95275 
95266 
95257 
95248 
95240 
95231 
95222 
9521^ 
95204 



95195 
95186 

95177 
95168 
95159 
95150 
95142 
95133 
95124 
95115 
95106 



N.C08. i N.sin. 
~72Ve^. 



31178 
31206 
31233 
31261 
31289 
31316 
31344 
31372 
31399 
31427 

31454 
31482 
31510 

31537 
31565 
31593 
31620 
31646 
31675 
31708 



31730 
31758 
31786 
31813 
31841 
318^ 
31896 
31923 
31951 
31979 

32006 
32034 
32061 
32089 
32116 
32144 
32171 
32199 
32227 
32254 



32282 

32337 
32364 
32392 
32419 
32447 
32474 
32502 
32529 
32557 



N.C08. 



N.cofu 

98106 

95097 
95088 
95079 
95070 
95061 
96052 
95043 
96033 
96024 

95015 
95006 

94997 
24988 
94979 
94970 
94961 
94952 
94943 
9^33 

94924 
94915 
94906 
94897 
94888 
94878 



N.tin. 



32557 
82584 
32612 
32639 
82667 
38694 
32722 
82749 

»2777 
32804 



32859 
32887 
32914 
32942 



32997 
33024 
330M 
83079 



948601 

94851 

9^842 

94832 
94823 
94814 
94805 
94795 
94786 

94777 
94768 
94758 
947^ 

94740 
94730 
94721 
94712 
94702 
94693 
94684 
94674 
94665 
94656 



33106 
83134 
33161 
33189 
33216 
33244 
33271 
33298 
33326 
33353 



33381 
33408 
33436 
33463 
33490 
33518 
33545 
33573 
33600 
33627 



94645 
94637 
94627 
94618 
94609 
94599 
04590 
94580 
94571 
94561 
9455^ 

N.sin. 



33655 
33682 
33710 
33737 
33764 
33792 
33819 
33846 
33874 
33901 



71 Deg. 



33929 
33956 
33983 
34011 
84038 
34065 
84093 
34120 
34147 
34175 
34202 



N,eM. 



94652 
24542 
94633 
94683 
94614 
94604 
94495 
94485 
94476 
94466 



94457 
94447 
94438 
94428 
94418 
94409 
94399 
94390 
94380 
94370 



94361 
94351 
94342 
94332 
94322 
94313 
94303 
94293 
94284 
94274 

94264 
94254 
94245 
94235 
94225 
94215 
94206 
94196 
94186 
94176 



94167 
94167 
94147 
94137 
94127 
94118 
24108 
94098 
94088 
94078 



94068 
94058 
l»4048 
94039 
94029 
24019 
93009 
93999 
93989 
93979 
93969 



1 



60 
59 
58 
57 
66 
55 
64 
53 
«2 
61 



60 
49 
48 

47 

46 

44 
43 
4d 
41 



15 
39 
38 
37 
36 
35 
34 
33 
32 
31 



30 
29 
28 

27 

26 
25 
24 
23 
22 
21 



90 
19 
18 

17 
16 
15 
14 
13 
12 

n 



9 
8 

7 
6 
5 
4 
3 
2 
1 
01 



N.C04I. I N.sin. | M. 
70 Deg. 



A JkUe iffKahana Smei. 




1 

s 

s 

4 

e 

7 
8 
9 

11 

19 
18 
14 
II 
18 

17 
18 

i? 
99 
91 
99 
98 
94 
95 
98 
97 



80 
31 



84 
36 
88 

87 



4^ 

41 

49 

48 

44 

46 

46 

47 
48 
49 

69 
61 
69 
68 
64 
66 

67 
68 
60 
80 



90]>tg. 



. 



N.siii. 



84967 
84984 

84SU 



84883 
84491 

84448 

'84476 



84680 

84667 
84664 
84619 
84888 
84666 
84604 
84791 



M748 
84776 
84808 
84880 
34867 
84884 
34919 
84889 
34086 
34008 



36091 
86048 
86076 
86109 
86180 
36167 
86184 
36911 

36380 

sbaaa 



36298 



86847 
36376 
36409 
86488 
86466 
86484 
36611 
36688 



86666 
86609 
36619 
86647 
86674 
86701 
86798 
86766 
86789 
86810 
M88y 



N.cot. 



98048 



OlDtff. 



99 Dag. 



N^la, N.co«.lN^a. 



86887 
86884 



08879 



86018 



86078 



88097 
36064 



93860 



98810 



98700 
98788 
98779 



98780 
08760 
08748 
98738 
93798 
03718 
88708 
98688 
98688 
93677 

93667 
83647 
93887 
93«26 
93616 



mo8 

88186 
38188 
88190 
80817 
88844 
88971 



88870 
86406 



86461 
36488 

86616 
88649 

86669 
36686 



98686 
93676 

98666 
88644 
88634 
93684 
93614 
03608 
03493 
03488 
03479 



83468 
08468 
08441 
08431 
88490 
03410 
08400 



1S860 
86877 
36704 
86731 
36768 
86786 
36819 
36889 
86867 
86884 



86891 
36048 
3^76 
37009 
37029 
37066 
37063 
37110 
37187 
87164 



03879 
08868 



37191 
87218 
37946 
87272 
87290 
37326 
37363 
37380 
87407 
87434 
37461 



N.tlD. I N.em. 



88337 
98397 
03316 



88874 
98864 

^09 



88982 



88911 

83201 1 

08100 

08180 

08180 

83169 



88148 
93137 
93197 
93116 
88106 
93006 
08084 
08074 



1S50 
98031 
03020 
98010 
98889 
02968 
02078 
02087 
92966 
92946 

92995 
92924 
92913 
92902 
92892 
92881 
92870 
92869 
92849 
92838 

92827 
92816 
92806 
92794 
92784 
02773 
92762 
92751 
92740 
02729 
92718 

N.tiD. 



87481 
87488 
37616 
37649 
37689 
37686 
37882 
37648 
87676 
87708 



87730 
37767 
37784 
37811 
87838 
37866 
37888 
37019 
37946 
37973 

37980 
38826 
38063 



38107 
38134 
88161 
38188 
38816 
38241 

38268 
9^96 
38322 
36349 
38376 
38403 
38430 
38466 
88483 
38610 

38637 
88664 
38691 
38617 
38644 

38871 
38698 
38725 
38762 
38778 

38806 
38832 
38869 
38886 
38912 
38!^ 
38966 
38993 
39020 
39046 
39073 



N. 



99718 
92707 
99897 



99676 
89664 



92842 
82831 
99630 



99609 
02608 
02687 
92676 
93666 
09664 
92643 
92632 
98621 
98610 



raioo 

92488 

82477 
82466 
82466 
82444 
99432 
99491 
92410 
02389 

92388 

93377 
93366 
93365 
93843 
93382 
92321 
92310 
92299 
92287 



92276 
92265 
92264 
92243 
92231 
92320 
92209 
92198 
92186 
92176 



92164 
92162 
92141 
92130 
92119 
92107 
92096 
92085 
92073 
92062 
92050 



60 De|{. 



68Dei;. 



N.cos. I N.UD. 
67 06^! 



^m 



N.iio. 

38073 
39180 
89197 
39163 
39180 
39907 
39234 
39260 
39287 
39314 



98 lief*. I 34 Deg 






N.CIM. 



l934l 
39367 
39394 
30421 
30448 
39474 
39601 
39628 
30666 
39681 

39608 
39636 
39661 
39688 
30716 
30741 
30768 
39796 
39822 
39848 



39876 
39902 
30928 
39966 
89982 
4U006 
40036 
40062 
40088 
40115 

40141 
40168 
40196 
40231 
40248 
40276 
40301 
40328 
40365 
40381 

40406 
40434 
40461 
40488 
40614 
40541 
40667 
40504 
40621 
40647 
40674 



N.cos. 



N.tin. 



82039 
93038 
93016 
03006 
91994 
91982 
91971 
91969 
91948 

~9lMS 
81926 
91914 
91902 
91881 
91879 
91868 
91866 
91846 
91833 




91822 
91810 
01790 
91787 
91776 
91764 
91762 
91741 
91729 
91718 

91786 
91694 
91883 
91671 
91660 
91648 
91686 
91826 
91613 
91601 



91690 
91678 
91666 
91666 
91643 
91631 
91519 
91608 
01406 
01484 



40899 
40906 
48092 
1019 
1046 
1072 
1098 
1126 
1161 
1178 



91472 
91461 
91449 
91437 
91426 
91414 
91402 
01390 
91378 
91366 
91356 



N. tin. 



66 Deg. 



1204 
1931 

1267 
1284 
1310 

1337 
1383 
1300 
1416 
1443 



1460 
1406 
1623 
1649 
1575 
1602 
1628 
1656 
16B1 
1707 



1734 
1760 

1787 
1813 
1840 
1866 
1892 
1919 
1945 
1972 



1998 

42024 

3051 

42077 
42104 
2130 
42166 
42183 
42200 
42236 
42262 



N.C(M. 

01365 
01343 
01331 
01319 
91307 
91896 
91883 
91272 
91960 
91948 



91836 
91924 
91912 
91280 
91188 
01176 
91164 
91168 
01140 
91128 



91116 
91104 
01092 
91060 
01066 
01066 
91044 
91032 
01020 
91006 



oamms 

VWsfO 

90084 
90972 
90960 
90948 
90936 
90924 
90911 
90899 
90687 



59 
58 

67 
56 
55 
54 
53 
52 
51 



90875 
90663 
90S51 
90H39 
91*826 
90814 
90602 
90790 
90778 
90766 



90753 
90741 
90729 

90717 
90704 
00692 
00680 

IfUDOO 

00655 
00643 
00631 



N.cos. N.sin 
66 Deg. 



5» 
49 

48 

47 
45 
46 
44 

43 
42 
41 

46 
39 

38 

37 
36 
35 
34 
33 
32 
31 

30 



27 
26 
25 
24 
23 
22 
21 

20 

10 
18 

17 
16 
15 
14 
13 
12 
11 

10 
9 
8 

7 
6 
b 
4 
3 

i 
1 





M. 



A Tuble of Natturcd Sines, 



26 Ueg. 


26 Ueg 


1' 27 Ueg. 


28 Deg. 


29 Ueg. ' 




.v. N.sip. 


N.cpg. 


N.sio. 


N. COS. 


N.sin. 
45399 


N.cos. 


N.sio. 


N.cos. 


N.sin. 


N.cqs* 




42262 


90631 


43837 


89679 


89101 


46947 


88295 


48481 


87462 


«0 


1 422S8 


90618 


43863 


89867 


45425 


89087 


46973 


88281 


48506 


87448 


69 


2 42316 


90606 


43889 


89854 


45451 


89074 


46999 


88267 


48532 


87434 


68 


3 42341 


90594 


43916 


89841 


45477 


89061 


47024 


88254 


48557 


87420 


67 


4 423fi7 


90582 


43942 


89828 


45503 


89048 


47050 


88240 


48583 


87406 


66 


6 42394 


90569 


43968 


89816 


45629 


89035 


47076 


88226 


48608 


87391 


65 


6 42420 


90657 


43994 


89803 


45554 


89021 


47101 


88213 


48634 


87377 


64 


7 42446 


90545 


44020 


89790 


45680 


89008 


47127 


88199 


48659 


87363 


53 


8 42473 


90532 


44046 


89777 


45606 


88995 


47153 


88185 


48684 


87849 


62 


9 42499 


90520 


44072 


89784 


45632 


88981 


47178 


88I72 


48710 


87335 


61 


10 426^5 


90507 


44098 


89762 


45658 


88968 


47204 


88158 


48735 


87321 


60 


J] 425^2 


90495 


44124 


89739 


45684 


88955 


47229 


88144 


48761 


87306 


49 


12 42678 


90483 


44151 


89726 


46710 


88942 


47265 


88130 


48786 


87292 


4f) 


13 42604 


90470 


44177 


89713 


45736 


88928 


47281 


88117 


48811 


87278 


47 


14 42631 


90458 


44203 


89700 


45762 


88915 


47306 


88103 


48837 


87264 


46 


15 42667 


90446 


44229 


89687 


45787 


88902 


47332 


88089 


4»m2 


87250 


45 


16 42663 


90433 


44255 


89674 


46813 


88888 


47368 


88O75 


48888 


87235 


44 


17 42709 


90421 


44281 


89662 


45839 


88875 


47383 


88062 


48913 


87221 


43 


18 42796 


90408 


44307 


89649 


45865 


88862 


47409 


88048 


48938 


87207 


42 


19 42762 


90396 


44333 


89636 


45891 


88848 
88835 


47434 


88034 


48964 


87193 
87178 


41 


20 42788 


90383 


44359 


89623 


45917 


47460 


88020 


48989 


40 


21 42815 


90371 


44385 


89610 


45942 


88822 


47486 


88006 


49014 


87164 


39 


22 42841 


90358 


44411 


89597 


45968 


88808 


47511 


87993 


49040 


87150 


38 


23 42867 


90346 


44437 


89684 


45994 


88795 


47537 


87979 


49065 


87136 


37 


24 42894 


90334 


44464 


89571 


46020 


88782 


47562 


87965 


49090 


87121 


36 


25 42920 


90321 


44490 


89558 


46046 


88768 


47588 


87951 


49116 


87107 


35 


26 42948 


90309 


,44616 


89545 


46072 


88755 


47614 


87937 


49141 


87093 


34 


27 42972 


90296 


44642 


89632 


46097 


88741 


47639 


87923 


49166 


87079 


33 


28 42999 


90284 


44568 


89619 


46123 


88728 


47665 


87909 


49192 


87064 


32 


29 43025 


90271 
90259 


44394 


89506 


46149 


88715 
88701 


47690 


87896 
87882 


49217 


87050 
87036 


31 
30 


30 43051 


44620 


89493 


46175 


47716 


49242 


31 4:}077 


.90246 


44646 


89480 


46201 


88688 


47741 


87868 


49268 


87021 


29 


32 43104 


90233 


44672 


89467 


46226 


88674 


47767 


87854 


49293 


87007 


28 


33 43130 


90221 


44698 


89454 


46252 


88661 


47793 


87840 


49318 


86993 


27 


34 43156 


90208 


44724 


89441 


46278 


88647 


47818 


87826 


49344 


86978 


26 


36 43182 


90196 


44750 


89428 


46304 


88634 


47844 


87812 


49369 


86964 


26 


36 43209 


90183 


44776 


89415 


46330 


88620 


47869 


87798 


49394 


86949 


24 


37 43235 


90171 


44802 


89402 


46355 


88607 


47895 


87784 


49419 


86935 


23 


38 43261 


90168 


44828 


89389 


46381 


88593 


47920 


87770 


49445 


86921 


22 


39 43287 


90146 


44854 


89376 


46407 


88680 


47946 

47971 


87756 
87743 


49470 


86906 


21 
20 


40 43313 


90133 


44880 


89363 


46433 


88566 


49495 


86892 


41 43340 


90120 


44M06 


89350 


46458 


88553 


47997 


87729 


49521 


86878 


19 


42 43366 


90108 


44932 


89337 


46484 


88539 


48022 


87715 


49546 


86863 


18 


43 43392 


90095 


44958 


89324 


46610 


88526 


48048 


87701 


49571 


86849 


17 


44 33418 


90062 


44984 


89311 


46536 


88512 


48073 


87687 


49696 


86834 


16 


46 43445 


90070 


45010 


89298 


46561 


88499 


48099 


87673 


49622 


86820 


15 


46 43471 


90057 


45036 


89285 


46587 


88485 


48124 


87659 


49647 


86806 


14 


47 43497 


90045 


45062 


89272 


46613 


88472 


48150 


87646 


49672 


86791 


13 


48 43523 


90032 


45083 


89269 


46639 


8S468 


48175 


87631 


49697 


86777 


12 


49 43549 


90019 


45114 


89245 


46664 


88445 


48201 


87617 
87603 


49723 
49748 


86762 


11 
10 


60 43575 


90007 


45140 


89232 


46690 


88431 


48226 


86748 


61 43602 

62 43628 


89994 


45166 


89219 


46716 


88417 


48252 


87589 


49773 


86733 


9 


89981 


45192 


89206 


46742 


88404 


48277 


87575 


49798 


86719 


8 


63 43654 


89968 


46218 


89193 


46767 


88390 


48303 


87561 


49821 


86704 


7 


54 43680 


89966 


45243 


89180 


46793 


88377 


48328 


87646 


49849 


86690 


6 


66 437O6 


89943 


45269 


89167 


46819 


88363 


48254 


87632 


49874 


86675 


5 


66 43733 

67 43759 


89930 


45296 


89153 


46844 


88349 


48379 


87518 


498 »9 


86661 


4 


89918 


46321 


89140 


46870 


88336 


48406 


87504 


49924 


86646 


3 


68 43785 


89905 


45347 


89127 


46896 


88322 


48430 


87490 


49960 


86632 


2 


69 43811 


89892 


45373 


89114 


46921 


88308 


4845Q 


87476 


49976 


8661 7 


1 


60 43837 


89879 


45399 
N.cos. 


89101 


46947 


88295 
N.sin. 


48481 


87462 
N.sin. 


50000 
N.cos. 


86603 



M. 


N.cos. 


N.sin. 


N. sin. 


N.cos. 


N.cos. 


N.sin. 


_ 64 0eg. 1 


63Deg. 


621 


>eg. 


61 Dw. 


60 Ueg. 





A Table of Nohiral Sines. 



9O0eg. 



M. 


1 
2 
8 
4 
A 
6 

7 
8 
9 

T?J 
U 
12 
13 
14 
lA 
16 

17 

18 

J9 

20 

21 
22 
23 
24 
25 
28 
27 
28 
29 

30 
31 
32 
33 
34 
36 
38 

37 
38 
39 

40 
41 
42 
43 
44 
45 
46 

47 
48 
49 

60 
51 
52 
63 
64 
55 
66 

67 
68 
69 
60 



N.dD. 

60000 
60026 
60060 
60076 
60101 
60126 
60161 
60176 
60201 
J0227 
60262 

60277 
60302 
60327 
60362 

60377 
60403 
60428 
60463 
60478 

60603 
60628 
60663 
60678 
60603 
60628 
60664 
60679 
60704 
60729 

60754 
60779 
60804 
60829 
60854 
60679 
50904 
60929 
60954 
60979 

61004 
61029 
61054 
61079 
51104 
61129 
61154 
51179 
51204 
61229 
61264 
61279 
61304 
61329 
51364 
51379 
61404 
61429 
51464 
61479 
61604 

N.C08. 



N. 



86603 
86688 
86673 
86669 
86644 
86630 
86616 
86601 
86486 
86471 

86467 
86442 
86427 
86413 
86398 
86384 
86369 
86864 
86340 
86826 



86310 
86295 
86281 
86266 
86261 
86237 
86222 
86207 
86192 
86178 

861H3 
86148 
86133 
86119 
86104 
860B9 
86074 
86059 
86046 
86030 



811>eg. 



82 l>eg 



N. 



86015 
86000 
86986 
86970 
86956 
86941 
86926 
85911 
85896 
86881 



86866 
86851 
86836 
85821 
85806 
86792 

86777 
86762 

85747 
85732 

86717 
N.sin. 



69 Deff. 



86717 
86702 

866B7 
86672 
86667 
86642 

86687 
86612 

86697 
86682 

'mSj 

86661 
86686 
86621 
86606 
86491 
86476 
86461 
86446 
86481 

86416 
86401 
86886 
86370 
86366 
86340 
86826 
86310 
86294 
86279 



N.tin. 

61604 
61689 
61664 
61679 
61604 
61688 
61653 
61678 
61703 
61728 

61763 
61778 
61803 
61828 
61862 

81877 
61902 

61927 
61962 
81977 

62002 
62026 
62061 
62076 
62101 
62126 
62161 
62176 
62200 
62226 

62260 
62275 
62299 
62324 
62349 
62374 
62399 
52423 
52448 
62473 

62498 
62622 
62647 
62572 
62597 
52621 
62646 
62671 
52696 
62720 

62745 
52770 
62794 
62819 
62844 
52869 
62893 
52918 
62943 
52967 
52992 

N.cos. N.sin 



N.aiD. 



SS2^ 
85249 
86234 
86218 
86203 
86188 
86173 
85157 
86142 
86127 



85112 
85096 
86081 
85066 
86061 
86035 
85020 
86006 
84989 
84974 



84959 
84943 
84928 
84913 
84897 
84882 
84866 
84851 
84836 
84820 
84805 



68017 
68041 
68066 
68001 
68116 
68140 
68164 
68189 
^H 

63238 
68263 
68288 
68312 

68887 
68361 
A88B6 

68411 
68436 
68460 

63484 
63609 
63634 
63668 
63683 
63607 
63632 
63666 
63681 
63705 

63730 
63754 
53779 
63804 
63828 
63853 

63877 
53902 
63926 
63951 



63976 
64000 
64024 
54049 
54073 

54097 
54122 
64146 
64171 
64195 

64220 
64244 
64269 
54293 
64317 
54342 
64366 
64391 
64415 
54440 
54464 



eg. I 88 Dtg. 
N.e(M. N.aiii. N.eM. 



84806 
84789 
84774 
84769 
84748 
84728 
84712 

84097 
84681 
84666 

84660 
84686 
84619 
84604 
84688 
84673 
84667 
84642 
84626 
84611 



64464 
64488 

64618 
64687 
64661 
64686 
64610 
64686 
64669 
64683 



84495 
84480 
84464 1 
84448 
84433 

84417 
84402 
84386 
84370 
84366 1 

84839 
84324 
84808 
84292 

84277 
84261 
84246 
84230 
84214 
84198 



84182 
84167 
84151 
84136 
84120 
84104 
84088 
84072 

84057 
84041 

84026 
84009 
83994 
83978 
83962 
83946 
83930 
83916 
83899 
83883 
83867 



64708 
64782 
64766 
64781 
64806 
64829 
64864 
64878 
64902 
64927 
64961 
64976 
64999 
66024 
66048 
66072 

66097 
66121 
66146 
66169 

66194 
66218 
66242 
65266 
66291 
66316 
65339 
66363 
55388 
66412 



55436 
66460 
55484 
56609 
56633 
65557 
66681 
56606 
66630 
66654 

66678 
66702 
55726 
56760 
66776 
56799 
65823 
66847 
65971 
56895 
56919 



34Deg. 



N.^. 



88887 

88861 

88886 

83819 

88804 

88788 

88772 

887661 

88740 

88724 

88708 
88692 
83676 
88660 
83646 
83629 
88613 

83687 
88681 
88665 

83649 
83633 

83617 
83601 
88485 
83469 
83463 
83437 
83421 
83406 



83389 
83373 
83366 
83340 
83324 
83808 
83292 
83276 
83260 
83244 

63228 
83212 
83195 
83179 
83163 
83147 
88131 
83115 
83098 
83062 



N.cos. N.sin. N.cos. N.sin. 



83066 
83050 
83034 

83017 
83001 
82986 
82969 
82953 
82936 
82920 
82904 



^ Peg. II 67 Deg. 



66 Deg. 



6M19 
66943 
66968 
66992 
66016 
66040 
66064 



N.OOI. 



82904 



66112 
66136 



66160 
66184 
66208 
66232 
66256 
662B0 
66305 
66329 
56353 
66377 



888S5 



SI 



82899 M 

8S806M 

82790^53 

52 

61 
56 



82773 
82757 



66401 
66425 
66449 
66473 

66497 
68621 
66646 
66669 
66593 
6 6617 

'66641 
66666 
56689 
66713 
66736 
56760 
56784 
56808 
66832 
56856 



66680 
56904 
56928 
56952 
56976 
57000 
57024 
67047 
57071 
57095 



67119 
67143 
67167 
67191 
67215 
67238 
67262 
67286 
57310 
67334 
67358 



N.cos, 



82741 
82724 

£^ 
82692 



82659 
82643 
82626 43 



47 
46 
45 
44 



8261C 



48 



825931 41 

82577^ 
82561 38 
82544 38 

82528 37 
82S11 36 
82495 35 
82478 34 
82462 33 
82446 32 
82421)1 31 



82413 

82396 

82380 

82363 27 

82347 

82330 

82314 24 

82297 
82281 

822641 2^ 

l!l 



82248 
82231 
82214 
82196 
82181 
82165 
82148 
82132 
82115 
82098 Jl 
10 



211 



26 



23 

22 



18 

17 
16 
la 
14 
13 
IS 



82082' 
82065 
82048 , 
82032 ^ 
82015 
81999 
81982 
81965 ^ 
81949 ^ 
81932 I 
81915(J 
M. 



66Deg. 



A Table of Natural Sines. 



M. 



35Deg. 



N.8in. N.008. 



57368 
67381 
37405 
67429 
57463 

67477 
5754/1 
57624 
57548 
67572 

57596 
57^19 
67843 
57687 
57691 
57715 
57738 
57762 
57786 
67810 



67833 
67857 
67881 
67904 
67928 
57952 
67976 
57999 
68023 
58047 
68070 
68094 
68118 
58141 
68165 
58189 
66212 
58236 
68260 
68283 

58307 
58330 
58364 
68378 
58401 
56425 
68449 
58472 
68496 
68519 
56543 
56567 
68590 
68614 
58637 
58661 
58684 
58708 
58781 
68756 
68779 



N.C08. 



81915 
81899 
81882 
81865 
81848 
81832 
81815 
81798 
81782 
81765 

81748 
81731 
81714 
81098 
81681 
81664 
81647 
81631 
81614 
81697 



81580 
81563 
81646 
81530 
81513 
81496 
81479 
81462 
81446 
81428 



81412 
81395 
81378 
81361 
81344 
81327 
81310 
81293 
81276 
81259 



361>eg. 



87Deg. 



N.tin. 



81242 
81225 
81208 
81191 
81174 
81157 
81140 
81123 
81106 
81089 



81072 
81065 
81038 
81021 
81004 
80987 
80970 
80953 
80936 
80919 
80902 



N*Bin. 



54.Deg. 



58779 
58803 
58826 
58849 
58873 
58896 
68920 
58943 
58967 
58990 



59014 
59037 
59061 
59084 
59108 
59131 
59154 
59178 
59201 
59225 



69248 
69272 
59296 
59318 
59342 
59366 
59389 
59412 
59436 
59459 



59482 
69606 
59529 
69552 
59576 
59599 
69622 
59646 
50669 
69693 

59716 
59739 
59763 
59786 
59809 
59832 
59856 
59879 
59902 
69926 

59949 
59972 
59995 
60019 
60042 
60066 
60089 
60112 
60135 
60158 
60182 



N.C08. 1 N.8in. 



80902 
80886 

80867 
80860 
80833 
80816 
80799 
80782 
80766 
80748 

80730 
80713 
80696 
80679 
80662 
80644 
80627 
80610 
80693 
80576 

80558 
80541 
80624 
80507 
80489 
80472 
80456 
80438 
80420 
80403 

80386 
80368 
80351 
80334 
80316 
80299 
80282 
80264 

80247 
80230 



80212 
80195 
80178 
80160 
80143 
80126 
80108 
80091 
80073 
80059 

80038 
80021 
80003 
79986 
79968 
79951 
79934 
79916 
79899 
79881 
79864 



N.C08. 1 N. sin. 
53 peg. 



60182 
60206 
60228 
60251 
60274 
60298 
60321 
60344 
60367 
60390 



60414 
60437 
60460 
60483 
60506 
60529 
60553 
60576 
60599 
60622 



61645 
60668 
60691 
60714 
60738 
60761 
60784 
60807 
60830 
60853 

60876 
60899 
60922 
60945 
60968 
60991 
61015 
61038 
61069 
61084 

61107 
61130 
61153 
61176 
61199 
61222 
61245 
61268 
61291 
61314 

lil337 
61360 
61383 
61406 
61429 
61451 
61474 

61497 
61620 
61543 
61566 



N.C08. 



N.C08; 

79864 
79846 
79829 
79811 
79793 
79776 
79758 
79741 
79723 
79706 



79688 
79671 
79653 
79635 
79618 
79600 
79683 
79565 

79547 
79530 

79512 
79494 

79477 
79459 
79441 
79424 
70406 
79388 
79371 
79353 

79335 
79318 
79300 
79282 
79264 
79247 
79229 
79211 
79193 
79176 



79158 
79140 
79122 
79106 
79087 
79069 
79061 
79033 
79016 
78998 

78980 
78962 
78944 
78926 
78908 
78891 
78873 
78855 
78837 
78819 
78801 

N.sio. 



38Deg. 



N.ain. 

61566 
61589 
61612 
61635 
61668 
61661 
61704 
61726 
61749 
61772 



61795 
61818 
61841 
61864 
61887 
61909 
61932 
61955 
61978 
62001 



62024 
62046 
62069 
62092 
62U6 
62138 
62160 
62183 
62206 
62229 



62261 
62274 
62297 
62320 
62342 
62365 
62388 
62411 
62433 
62456 



62479 
62502 
62524 
62647 
62570 
62592 
62615 
62638 
62660 
62683 



53Deg, 



62706 
62728 
62751 
62774 
62796 
62819 
62842 
62864 
62887 
62909 
62932 

N.cos. 



N.cos. 

78801 
78783 
78765 
78747 
78729 
78711 
78693 
78676 
78658 
78640 

78622 
78604 
78586 
78568 
78550 
78532 
78514 
78496 
78478 
78460 

78442 

78424 

78405 

783871 

78369 

78351 

78333 

78316 

78297 

78279 

78261 
78243 
78226 
78306 
78188 
78170 
78162 
78134 
78116 
78098 



39 Deg. 



N.Bin. 



78079 
78061 
78043 
78025 
78007 
77988 
77970 
77962 
77934 
77916 

77897 
77879 
77861 
77843 
77824 
77806 
77788 
77769 
77751 
77733 
77715 

N. sin. 






51 J}ftg, 



62932 
62955 

62977 
63000 
63022 
63045 
63068 
63090 
63113 
63135 



63158 
63180 
63203 
63225 
63248 
63271 
63293 
63316 
63338 
63361 



63383 
63406 
63428 
63451 
63473 
63496 
63518 
63640 
63563 
63585 

63608 
63630 
63653 
63676 
63698 
63720 
63742 
63765 

63787 
63810 

63832 
63854 

63877 
63899 
63922 
63944 
63966 
63989 
64011 
64033 

64066 
64078 
64100 
64123 
64145 
64167 
64190 
64212 
64234 
64256 
64279 



N.coa. 

77716 
77696 
77678 
77660 
77641 
77623 
77605 
77566 
77568 
77550 



60 
59 
58 
57 
56 
65 
154 
53 
52 
51 



77531 
77513 
77494 
77476 
77458 
77439 
77421 
77402 
77384 
77366 



77347 
77329 
77310 
77392 
77273 
77255 
77236 
77218 
77199 
77181 

77162 
77144 
77125 
77107 
77088 
77070 
77051 
77033 
77014 
76996 

7H977 
76959 
76940 
76921 
76903 
76884 
76866 

76847 
76828 
76810 



76791 
76772 
76754 
76736 

76717 
76696 
76679 
76661 
76642 
76623 
76604 



N.cos. N.sin. 



50 
49 
48 

47 
46 
45 
44 
43 
42 
41 



40 
39 



37 
36 
35 
34 
33 
32 
31 



30 
29 
28 

27 
26 
25 
24 
23 
22 
21 



20 
19 
18 

17 
16 
15 
14 
13 
12 
11 



10 
9 
8 

7 
6 
5 
4 
3 
3 
1 

M. 



50 Deg. I 



A Table of Natural Sinei. 



"71 


48Deg. 


41 Deg. II 42 Dcg 


43 Deg. 


44Deg. 1 1 


N.tiD. 


N.OM. 


N^in. 


N.oof. 


N.iia. 


N.cot. 


N,ttn. IN.g(m. 




N.OM. 1 


64279 


76684 


66606 


76471 


66918 


74314 


68200 


73186 


71934 60 


1 


64381 


76686 


66688 


76462 


66936 


74296 


68221 


73116 


69487 


71914 » 


s 


64323 


76667 


66660 


76433 


66966 


74276 


68242 


73096 


69606 


71894 58 


8 


64346 


76648 


66672 


76414 


66978 


74266 


68264 


73076 


69629 


71873 g 


4 


64368 


76680 


66604 


76396 
76376 


66999 


74287 


68286 


73066 


69649 


71863 16 


A 


64380 


76611 


66716 


67021 


74217 


68306 


73036 


69670 


71883 d5 


• 


64412 


76492. 


66738 


76366 


67043 


74198 


68327 


73016 


69691 


71813 54 


7 


84436 


76478 


66769 


78337 


67064 


74178 


68349 


72996 


69612 


71792 53 


8 


64467 


76466 


66781 


76318 


67086 


74169 


68370 


72976 


69633 


71772 52 


9 
10 


64479 


76436 


66808 


76299 


671C7 
67129 


74180 


68391 


72967 


69654 


71752 51 


64601 


7<Ul7 


66826 


76280 


74120 


68412 


72987 


69675 


71732 60 


11 


64624 


76886 


66847 


76261 


67161 


74100 


68434 


72917 


69696 


71711 <9 


12 


64646 


76360 


66869 


76241 


67172 


74080 


68466 


72897 


69717 


71691 48 


18 


64668 


76861 


66891 


76222 


67194 


74061 


68476 


72877 


69737 


71671 47 


14 


64600 


76342 


66913 


76203 


67216 


74041 68497 


72867 


69758 


71650 46 


16 


64612 


76823 


66936 


76184 


67287 


74022 68618 


72837 


69779 


71630 45 


16 


64636 


76304 


66966 


76165 


67266 


74002 68639 


72817 


69800 


71610 44 


17 


64667 


76286 


66978 


76146 


67280 


73983 68661 


727971 09621 
72777 ft 89842 


71690 43 


18 


64679 


78267 


66000 


76126 


67301 
67323 


78963 686^ 


71569 42 


18 
20 


64701 

64723 


76248 


66022 


76107 


73044 


68603 


72767 


698^ 
69883 


71549 41 


76829 


66044 


76088 


67344 


73924 


68624 


727*7 


71629 40 


21 


64746 


76210 


66066 


76069 


67366 


73904 


68646 


72717 


69904 


7liM» S9 


22 


64768 


76192 


66088 


76060 


67387 


73886 


tXaetQO 
fKMHNi 


72697 


69926 


71488 38 


23 


64790 


76173 


66109 


76030 


67409 


73866 68688 


726771 89946 
726671 89966 


71468 37 


24 


64812 


76164 


66131 


76011 


67430 


73846 


68709 


71447 86 


26 


64834 


76186 


66163 


74992 


67462 


73826 


68730 


72637 


69987 


71427 35 


26 


64866 


76116 


66176 


74973 


67473 


73806 


68761 


72617 


70008 


71407 34 


27 


64878 


76097 


66197 


74963 


67495 


73787 


68772 


72697 


70029 


71386 33 


28 


64901 


76078 


66218 


74934 


67616 


73767 


68793 


72577 


70049 


71366 32 


29 
SO 


64923 


76060 


66240 


74916 


67538 


73747 


68814 


72667 


70070 


71346 31 


64946 


76041 


66262 


74896 


67669 


73728 


68836 


72637 


70091 


71325 30 


SI 


64967 


76022 


66284 


74876 


67680 


73708 


68867 


72617 


70112 
70132 


71305 » 


82 


64989 


76083 


66306 


74867 


67602 


73688 


68878 


72497 


71284 28 


88 


66011 


76984 


66827 


74838 


67623 


73669 68899 


72477 


70153 


71264 Ti 


34 


66033 


76966 


66849 


74818 


67645 


73649 68920 


72467 


70174 


71243 26 


36 


66066 


76946 


66371 


74799 


67666 


73629 68941 


72437 


70196 


71223 ^ 


36 


86077 


76927 


66893 


74780 


67668 


73610 68962 


72417 


70216 


71203 24 


37 


66100 


76908 


66414 


74760 


67709 


73690 68983 


72397 


70236 


71182 23 


38 


66122 


76889 


66436 


74741 


67730 


73670 69004 


72377 


70267 


71162 22 


30 

40 


66144 


76870 
76851 


66468 


74722 


67762 
"67773 


73661 
73631 


69025 


72367 


70277 
70298 


71141 21 


66166 


66480 


74708 


69046 


72337 


71121 20 


41 


66188 


76882 


66601 


74683 


67796 
67816 


73511 


69067 


72317 


70319 


71100 19 


42 


66210 


76613 


66623 


74664 


73491 
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